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(54) Magnetic memory device 

(57) A magnetic memory device comprises a mem- 
ory cell assembled by first and second tunnel junction 
portions (11,21) and a switch (31), each of the first and 
second tunnel junction portions being formed of a stack 
of a pinned layer in which a magnetization direction is 
fixed and a record layer in which a magnetization direc- 
tion changes depending on an external magnetic field. 
A first data line (DL) is connected to a first end of the 
first tunnel junction portion. A second data line (/DL) is 
connected to the first end of the second tunnel junction 
portion. A bit line (BL) is connected to the second end 
of the first tunnel junction portion and the second end of 
the second tunnel junction portion via the switch. 
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Description 

[0001] The present invention relates to an information 
recording technique using a ferromagnetic material, 
particularly to a magnetic memory device utilizing mag- 
netic tunnel junction. 

[0002] A magnetic random access memory (hereinaf- 
ter, abbreviated as MRAM) is a type of a solid state 
memory that can rewrite, hold, and read out record in- 
formation anytime by utilizing a magnetization direction 
of the ferromagnetic material as an information record- 
ing medium. This MRAM records information by corre- 
sponding binary coded information "1" and "0" whether 
the magnetization direction of the ferromagnetic mate- 
rial is parallel to or anti-parallel to a reference direction. 
[0003] Recording information is written by switching 
the magnetization direction of the ferromagnetic mate- 
rial of each cell by a magnetic field generated by sup- 
plying a current to a write line disposed in a cross stripe 
shape. The power consumption during storing is princi- 
pally zero. 

[0004] Stored information is read out by utilizing a 
phenomenon in which the electric resistance of a mem- 
ory cell changes depending on a relative angle between 
the magnetization direction of the ferromagnetic mate- 
rial that configures cells and a direction of a sense cur- 
rent or depending on a relative angle of magnetization 
between a plurality of ferromagnetic layers, so called the 
magnetoresistance effect. 

[0005] The MRAM has the following advantages in 
comparison with a conventional semiconductor memo- 
ry. 

(a) Completely non-volatile. 10 15 or more endur- 
ance cycles are possible. 

(b) Nondestructive readout is possible, and refresh 
operation is not required, thus making it possible to 
reduce a readout cycle. 

(c) The durability against radiation is strong in com- 
parison with a charge storage type memory cell. 

[0006] The degree of integration per a unit area for 
the MRAM and the write and readout times are expected 
to be approximately equal to those of the DRAM, there- 
fore, it is further expected to apply the MRAM to an ex- 
ternal memory device for a portable digital audio instru- 
ment, a wireless IC card, and a mobile personal com- 
puter (PC) by utilizing significant non-volatile character- 
istics. 

[0007] In an MRAM having its recording capacity of 1 
Mb that is currently discussed for practical use, a Giant 
Magnetoresistance (hereinafter, abbreviated as a GMR 
effect) is employed for reading out stored information. 
An example of such an MRAM cell using an element that 
indicates the GMR effect (hereinafter, abbreviated as 
the GMR element), is disclosed in iEEE Trans. Mag., 
33,3289 (1997)). 

[0008] A value of the GMR effect of the tri-Iayered film 



made of a non-coupling NiFe/Cu/Co is about 6% to 8%. 
For example, in the aforementioned MRAM cell using 
the PseudoSpin-Valve structure, the distribution of the 
magnetic direction during readout of recorded informa- 

5 tion is controlled, whereby the resistance change of 5% 
or more is effectively obtained. However, in general, the 
sheet resistance of the GMR element is about some 
tens £2/u.m 2 . Therefore, even in the case where the 
sheet resistance of 100 QJ\im 2 and the resistance 

10 change rate of 5% are assumed, the output signal rele- 
vant to a sense current of 10 mA is merely 5 mV. Cur- 
rently, in a MOS type field effect transistor that is prac- 
tically available for use, the value of a source/drain cur- 
rent Ids is proportional to a rate between a channel width 

15 w and a channel length L, and the value of Ids when W 
= 3.3 ujti and L = 1 \im is about 0.1 mA. Therefore, the 
value of the sense current of 10 mA used here is very 
excessive relevant to a transistor with sub-micron di- 
mensions. 

20 [0009] In order to solve this problem, in the MRAM cell 
using the GMR element, there is employed a method of 
connecting a plurality of GMR elements in series, and 
then, configuring a data lie (for example, refer to IEEE 
Trans. Comp. Pac. Manu. Tech. pt. A, 17,373 (1994).). 

25 However, in the case where memory cells are connect- 
ed in series, there is a disadvantage that the power con- 
sumption efficiency during readout is greatly lowered. 
[001 0] In order to solve these problems, there is pro- 
posed an attempt to apply a ferromagnetic tunnel effect 

30 (Tunnel Magnetoresistance: hereinafter, abbreviated as 
a TMR effect) instead of the GMR effect. An element 
indicating the TMR effect (hereinafter, abbreviated as 
the TMR element) is primarily composed of a tri-Iayered 
film made of a ferromagnetic layer 1 , an insulating layer, 

35 and a ferromagnetic layer 2, and current tunnels through 
the insulating barrier. The tunnel resistance value 
changes in. proportion to a cosine of a relative angle in 
magnetization of both of the ferromagnetic metal layer, 
and an maximum value is obtained in the case where 

40 one magnetization is anti-parallel to another. 

[0011] For example, in tunnel junction of NiFe/Co/ 
AI 2 0 3 /Co/NiFe, the magnetoresistance ratio exceeding 
25% in a low magnetic field of 500e or less is found out 
(for example, refer to IEEE Trans. Mag., 33,3553 

45 (1 997)). The cell resistance value of the TMR element 
is typically between 10 4 ohms and 10 6 ftper a junction 
area (ujti 2 ). Therefore, assuming that the resistance val- 
ue is 1 0 kH, and the magnetoresistance ratio is 25% in 
a cell of 1 pxn 2 , a cell readout signal of 25 mV is obtained 

50 in a sense current of 1 0 uA. 

[0012] In an MRAM cell array using the TMR element, 
a plurality of TMR elements are connected in parallel on 
a data line. The following detailed structures are adopt- 
ed. 

55 

(1) A structure in which a selection semiconductor 
element is disposed in series at each TMR element; 

(2) A structure in which a selection transistor is dis- 
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posed for each data line where a plurality of TMR . 

elements are connected in parallel; and 

(3) A structure in which a plurality of TMR elements 

are disposed in matrix, and a selection transistor is 

disposed for each row data line or each column data 5 

line (for example, refer to J. Appl. Phys., 81,3758 

(1997)). 

[0013] Among these structures, the structure of (1) 
has the most excellent characteristics in an aspect of 10 
power consumption efficiency during cell output voltage 
readout. 

[0014] However, in the MRAM cell array having the 
structure of (1), it is required to supply a current to a 
semiconductor element connected to the TMR element 15 
during readout. As a semiconductor element, there are 
employed: a MOS type transistor; a diode element using 
the transistor; and a diode element using pn junction or 
Schottky junction. Therefore, in the case where there 
occurs dispersion in characteristics of these semicon- 20 
ductor elements, noise caused by such dispersion can- 
not be ignored. 

[001 5] For example, in the case of a MOS transistor, 
a voltage drop between a source and a drain reaches 
100 mV or more in a rule of 0.25 \im. That is, if there 25 
exists a dispersion of 10% in characteristics of a semi- 
conductor element, noise of 1 0 mV or more is generated 
by such dispersion. In addition, in consideration of a 
noise generated at a peripheral circuit such as noise . 
coupled with data line or noise due to dispersion in char- 30 
acteristics of the sense amplifier, the noise level is great- 
er than 10 mV. In a current cell output voltage of about 
20 mV to 30 mV, an only signal-to-noise ratio of some 
decibels can be obtained. 

[0016] In order to improve the signal-to-noise ratio, in 35 
a conventional MRAM cell array, there is often employed . 
a method for comparing an output voltage V of a select- 
ed single memory cell with a reference V REF , thereby 
differentially amplifying a differential voltage V sjg there- 
between. A first object of this is to eliminate noise gen- *o 
erated in a data line pair to which a memory cell con- 
nects, and a second object of this is to eliminate an offset 
of a cell output voltage V sig due to dispersion in charac- 
teristics of the semiconductor element for driving a 
sense line or selecting a cell. As a circuit for generating 45 
the reference voltage V REF , there are employed a circuit 
using the semiconductor element or dummy cell. How- 
ever, in this method, the selected memory cell and the 
circuit for generating the reference voltage are connect- 
ed to their respective cell selection semiconductor ele- 50 
ments, making it impossible to completely eliminate an 
offset of the cell output voltage V due to dispersion in 
characteristics of the semiconductor element. 
[0017] Further, in the prior art, in general, the refer- 
ence voltage V REF is defined as an intermediate voltage 55 
between output voltages V F and V AF that correspond to 
cell information "1" and "0". For example, in the case of 
current sensing or voltage detection, assuming that the 



sense current value is defined as l s , the resistance value 
of the TMR element used for a cell is defined as R, and 
the magnetoresistance change ratio is defined as MR, 
V F and V AF can be obtained as follows. 

V F = R(1-MR/2) X l s (1)* 



V AF =R(1-MR/2) x l s (2) 

[001 8] Assuming that the reference voltage is defined 
as an intermediate voltage between V F and V AF , the dif- 
ferential voltage inputted to a sense amplifier is as fol- 
lows. 

V sig =RxMRxl s /2 (3) 

[0019] A factor of 2 in the denominator is due to the 
reference voltage V REF is set to the intermediate volt- 
age. In the case of voltage sensing and current detec- 
tion, assuming that a bias voltage is defined as V bias , 
and a detection load resistance is defined as R^, simi- 
larly, the following formulas can be obtained. 

V F = V bjas xR L /R(1-MR/2) (4) 



V AF =V bta8 XR L /[R(1+MR/2)] < 5 > 



V s ig= V biasX R L/ RXMR/2 (6) 

[0020] In the deriving process of formula (6), the fact 
that MR 2 « 1 is considered. 

[0021] Therefore, in the prior art, only half of the mag- 
netoresistance ratio of the TMR element can be utilized. 
[0022] In order to solve these problems, for example, 
there is a method of using a magnetic field during read 
out by employing a TMR element in which a ferromag- 
netic layer 1 and a ferromagnetic layer 2 are ferromag- 
netically or anti-ferromagnetically coupled with each 
other (for example, refer to U.S. Patent No. 5,734,605). 
However, this method is not suitable to application to a 
hand held device because power consumption during 
readout increases. 

[0023] In addition, there is disclosed a method of dis- 
posing selection transistors for two TMR elements, re- 
spectively, thereby configuring a memory cell (for exam- 
ple, refer to ISSCC 2000 Digest paper TA7;2). In this 
method, writing is performed while the magnetization di- 
rections of the recording layers of two TMR elements 
are always anti-parallel to each other. That is, there is 
employed complementary write-in in which a magneti- 
zation configuration of either of the elements enters an 
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anti-parallel state, and the magnetization of the other 
one enters a parallel state. In this method, outputs of 
these two elements are differentially amplified, thereby 
eliminating noise in the same phase, and improving the 
S/N. However, there is a problem that a cell area in- 5 
creases, and the degree of integration is lowered be- 
cause two selection transistors are employed for a cell. 
[0024] As described above, a TMR element is applied 
to a memory cell, whereby /eduction of the sense cur- 
rent during readout and an increase in the cell output 10 
signal can be achieved at the same time, making it pos- 
sible to provide an MRAM with its higher density than 
an MRAM using a conventionally employed GMR effect. 
However, even in the case where the TMR element is 
used for a memory cell, the cell output voltage is about *5 
some tens mV. In view of the magnitude of noise caused 
by dispersion in characteristics of semiconductor ele- 
ments for driving a sense line or selecting a cell or the 
magnitude of noise from a data line and a periphery cir- 
cuit, a sufficient signal-to-noise ratio is not obtained cur- 20 
rently. In order to improve the signal-to-noise ratio, there 
is proposed a method using a magnetic field; and how- 
ever, there is a disadvantage that power consumption 
during readout increases. 

[0025] It is an object of the present invention to pro- 25 
vide a magnetic memory device capable of increasing 
a cell output voltage during readout, and capable of im- 
proving a signal-to-noise ratio without causing an in- 
crease in power consumption during readout; the mag- 
netic memory device being compatible with low power 30 
consumption and fast reading properties. 
[0026] According to the present invention, there is 
provided a magnetic memory cell device comprising a 
plurality of tunnel junction sections that stack a pinned 
layer having its magnetization direction pinned therein 35 
and a recording layer having its magnetization direction 
changed by an external magnetic filed, and that config- 
ures single or double and more tunnel junction, wherein 
a memory cell that is an information recording unit is 
composed of two tunnel junction sections (first and sec- *o 
ond TMR elements), a first end in the stack direction of 
each of the first and second TMR elements is connected 
to each of the data lines, and a second end is connected 
to a bit line via the same cell selection semiconductor 
element. 45 
[0027] In addition, according to the present invention, 
there is provided a magnetic memory cell device com- 
prising a plurality of tunnel junction sections that stack 
a pinned layer having its magnetization direction pinned 
therein and a recording layer having its magnetization 50 
direction changed by an external magnetic filed, and 
that configures single or multi tunnel junctions, wherein 
the magnetic memory cell array is divided in a plurality 
of divided cell arrays, each divided cell array is made of 
first and second data lines disposed in parallel to each 55 
other, a plurality of word lines crossing these data lines, 
a bit line running in parallel to the data lines, and a plu- 
rality of magnetic memory cells. The magnetic memory 



cell, is composed of two tunnel junction sections (first 
and second TMR elements), the first ends of the first 
and second TMR elements in the stack direction are 
connected to the first and second data lines, respective- 
ly, and the second ends are connected to the same bit 
line via the same cell selection semiconductor element. 
[0028] Furthermore, according to the present inven- 
tion, there is provided a magnetic memory cell device 
comprising a plurality of tunnel junction sections that 
stack a pinned layer having its magnetization direction 
pinned therein and a recording layer having its magnet- 
ization direction changed by an external magnetic filed, 
and that configures single or double and more tunnel 
junctions, wherein the magnetic memory cell array is di- 
vided in a plurality of divided cell arrays, each divided 
cell array being made of first and second subsidiary data 
lines disposed in parallel to each other, a plurality of 
word lines crossing these subsidiary data lines, a sub- 
sidiary bit line running in parallel to the subsidiary data 
lines, and a plurality of magnetic memory cells. The 
magnetic memory cell is composed of two tunnel junc- 
tion sections (first and second TMR elements). The first 
ends of the first and second TMR elements in the stack 
direction are connected to the first and second subsidi- 
ary data lines, respectively. The second ends are con- 
nected to the same subsidiary bit line via the same cell 
selection semiconductor element The first and second 
subsidiary data lines and a subsidiary bit line are con- 
nected to the first and second data lines and the bit line 
via a selection transistor, respectively. 
[0029] Desired embodiments of the present invention 
are exemplified as follows. 

(1) The resistance values and the magnetoresist- 
ance ratio of the first and second tunnel junction 
sections are substantially equal to each other, and 
the magnetization configuration of the both recod- 
ing layers of the tunnel junction sections is always 
in anti-parallel. 

(2) One end of each of the first and second TMR 
elements is connected to each of the first and sec- 
ond data lines, and the other end is connected to a 
bit line via the cell selection semiconductor element. 

(3) The stored information is read by comparing the 
magnitude of currents that flow the first and second 
data lines when a potential difference is applied be- 
tween the first and second data lines and the bit line. 
In addition, the first and second data lines are kept 
at e*qua! potentials. 

(4) The stored information is read by comparing the 
magnitude of a voltage that appears in a bit line 
when a potential difference is applied between the 
first and second data lines. 

(5) A first write line is disposed at one end in the 
stacking direction of the first TMR element, and a 
second write line is disposed at one end in the 
stacking direction of the second TMR element. 
Common write lines are disposed at the first or sec- 
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ond end of the first TMR element in the stacking dir 
rection and at the first or second end of the second 
TMR element in the stacking direction. These com- 
mon write lines are configured so as to be diagonal 
to the direction in which a current flows the first write 5 
line and the direction in which a current flows the 
second write line. 

(6) The first and second TMR elements are dis- 
posed in the same plane. The first and second write 
lines are disposed in parallel to each other in the w 
same plane. A third write line and the first and sec- 
ond write lines are in another plane, and are dis- 
posed so as to cross each other in the vicinity of the 
first and second TMR elements. Each of the first 
and second write lines is connected to the outside 15 
of a memory cell array region at one end. 

(7) The first and second TMR elements are ar- 
ranged in vertical direction, and the first and second 
write lines are disposed in parallel to the vertical di- 
rection. The third write line and the first and second 20 
write lines are disposed in parallel to each other in 
vertical direction in a plane. The third write line and 
the first and second write lines are in another plane, 
and are disposed so as to cross each other in the 
vicinity of the first and second TMR elements. Each 25 
of the first and second write lines is connected to 
the outside of a memory cell array region at one 
end. 

(8) A cell selection semiconductor element is a 
MOS type field effect transistor, a diode element us- 30 
ing a MOS type field effect transistor or a junction 
type diode element that employs pn junction or 
Schottky junction. 

(9) The number of memory cells included in one 
subsidiary cell array is 1 000 or less. 35 

[0030] In the above arranged magnetic memory de- 
vice, a method of reading stored information relevant to 
a memory cell first includes: activating a cell selection 
semiconductor element in a low impedance state during 4 ° 
readout; and comparing the magnitude of currents that 
flows the first and second data lines when a potential 
difference is applied between the first and second data 
lines and the bit line. The first and second data lines are 
controlled so as to be the same potential. In this manner, <5 
the senses currents that depend on the potential differ- 
ence and the resistance value of each TMR element 
flows the first and second data lines. The resistance val- 
ues of the TMR elements are different from each other 
depending on whether a relative angle in magnetization 50 
between the pinned layer and the storage layer of the 
TMR element is parallel to or is anti-parallel to another. 
[0031] in the magnetic memory device according to 
the present invention, the resistance values and mag- 
- netoresistance ratio of the two TMR elements are equal 55 
to each other, and the magnetization directions of the 
respective recording layers are anti-parallel to each oth- 
er. Therefore, assuming that the potential difference is 



defined as V bias , the resistance value of the first TMR 
element is defined as R (1 - MR / 2), and the resistance 
value of the second TMR element is defined as R (1 + 
MR / 2), the values ^ and l 2 of the sense currents that 
flow the first and second data lines are as follows. 

»1 = V bias/ R ( 1 "MR/2) (7) 



l 2 = V bias /R(1 + MR/2) ' (8) 

[0032] That is, a sense current difference l S | g is ob- 
tained by l sjg = V / R x MR, where a greater differential 
signal than that of the prior art can be obtained. A mem- 
ory cell is a current driven element. Thus, if there occurs 
a dispersion in resistance when a cell selection semi- 
conductor connected to the TMR element in serial, the 
result is a dispersion in output signals. In the present 
invention, the first and second TMR elements share the 
same cell selection semiconductor element, thus mak- 
ing it possible to completely eliminate a dispersion 
caused by dispersion in characteristics of the semicon- 
ductor element. This is a great advantage that the prior 
art does not have. 

[0033] In addition, the above reading method second- 
ly include: activating a cell selection semiconductor el- 
ement in a low impedance state during readout; and 
comparing the magnitude of a voltage that appears in 
the bit line when the potential difference is applied be- 
tween the first and second data lines. Assuming that the 
potential difference between the first and second data 
lines is defined as V bjas , the resistance value of the first 
TMR element is defined as R(1 - MR/ 2), the resistance 
value of the second TMR element is defined as R (1 + 
MR / 2), a potential difference V between the second 
data line and the bit line is obtained as follows. 

V = V bias /2x(1+MR/2) (9) 

[0034] Therefore, when the reference voltage V REF is 
set to: 

V REF =V bias /2 (10) 

the signal voltage V slg is obtained as follows. 

V S ig = V bias /2xMR/2 (11) 

[0035] In this reading method, although the change of 
the signal voltage is smaller than that in the first reading 
method because a reference voltage is used, the follow- 
ing advantageous effects are provided. 
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(1) The differential voltage is no dependence on a 
current value that flows a TMR element. That is, 
even in the case where the number of memory cells 
in a memory cell array changes, and then, an im- 
pedance between a data line changes, the output 5 
is not affected. 

(2) A bias voltage is divided by two TMR elements, 
and thus, the reduction of the magnetoresistance 
ratio depending on the applied voltage can be mit- 
igate. 10 

(3) Almost no current flows a bit line, and thus, dis- 
persion in characteristics of the selection semicon- 
ductor element can be eliminated. 

[0036] In the magnetic memory device according to *5 
the present invention, storage information is written into 
a memory cell by supplying a current to the first, second, 
and third write lines. In this duration, the value of a mag- 
netic field is set so as to exceed that of the switching 
field of the TMR element only in a cross region for the 20 
first, second, and third write lines, whereby cell selection 
during write can be achieved. 

[0037] In the magnetic memory device according to 
the present invention, the direction of a current that flows 
the first write line disposed at the first TMR element is 25 
opposite to the direction of a current that flows the sec- 
ond write line disposed at the second TMR element. 
That is, in the magnetic memory device according to the 
present invention, the magnetization directions of the re- 
cording layers of the first and second TM R elements that 30 
configure memory cells during write operation are al- 
ways anti-parallel to each other. The information "1 " and 
"0" are discriminated depending on whether a relative 
angle of magnetization between a pinned layer of the 
element and a storage layer is parallel or is anti-parallel 35 
relevant to the first TMR element. 
[0038] According to the invention, there is provided a 
magnetic memory device comprising a tunnel junction 
section including a magnetic memory layer formed of a 
stack of a first pinned layer having the magnetization 40 
direction pinned therein, a first tunnel barrier adjacent 
to the first pinned layer, a first magnetic layer which is 
opposite to the first pinned layer via the first tunnel bar- 
rier and in which a magnetization direction changes de- 
pending on an external magnetic field, a second mag- 45 
netic layer which is anti-ferromagnetically coupled to the 
first magnetic layer and in which a magnetization direc- 
tion changes depending on the external magnetic field, 
and a non-magnetic conductive layer interposed be- 
tween the first and second magnetic layers, for anti-fer- so 
romagnetically coupling between the first and second 
magnetic layers, a second tunnel barrier adjacent to the 
second magnetic layer, and a second pinned layer op- 
posite to the second magnetic layer via the second tun- 
nel barrier, and a detection section configured to detect 55 
a current difference between a first tunnel current flow- 
ing across the first magnetic layer and the first pinned 
layer and a second tunnel current flowing across the 



second magnetic layer and the second pinned layer or 
a voltage difference in a differential scheme. 
[0039] According to the invention, there is provided a 
magnetic memory device comprising a tunnel junction 
section including: a magnetic memory layer formed of a 
stack of a first pinned layer having the magnetization 
direction pinned therein, a first tunnel barrier adjacent 
to the first pinned layer, a first magnetic layer which is 
opposite to the first pinned layer via the first tunnel bar- 
rier and in which a magnetization direction changes de- 
pending on an external magnetic fiejd, a second mag- 
netic layer which is anti-ferromagnetically coupled to the 
first magnetic layer and in which a magnetization direc- 
tion changes depending on the external magnetic field, 
and a non-magnetic conductive layer interposed be- 
tween the first and second magnetic layers, for anti-fer- 
romagnetically coupling between the first and second 
magnetic layers, a second tunnel barrier adjacent to the 
second magnetic layer, and a second pinned layer op- 
posite to the second magnetic layer via the second tun- 
nel barrier, a bit line electrically connected to all or either 
of the first magnetic layer, non-magnetic conductive lay- 
er, and second magnetic layer, a first data line electri- 
cally connected to the first pinned layer, and a second 
data line electrically connected to the second pinned 
layer. 

[0040] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0041] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a view showing an electrical equivalent cir- 
cuit of a magnetic memory cell array according to a 
first embodiment: 

FIG. 2 is a view showing a change in values ^ and 
l 2 of currents that flow data lines DL and /DL accord- 
ing to the first embodiment; 
FIG. 3 is a chart depicting waveforms when record 
information on a plurality of memory cells is contin- 
uously read out according to the first embodiment; 
FIG. 4 is a diagram of the equivalent circuit pre- 
sumed an element other than a selection cell as a 
short-circuit resistor; 

FIG. 5 is a view showing the result of simulation us- 
ing the equivalent circuit shown in FIG. 4; 
FIG. 6 is a view schematically illustrating disposition 
of a TMR element and a write line that configure the 
magnetic memory cell array according to the first 
embodiment; 

FIG. 7 is a view showing a planar structure of a 
memory cell used for the first embodiment; 
FIGS. 8A and 8B are views showing cross sections 
taken along the lines 8A-8A and 8B-8B in the mem- 
ory cell structure shown in FIG. 7; 
FIGS. 9A and 9B are views showing cross sections 
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of the memory cell structure when the write line and 
the data line are used all together; 
FIG. 10 is a view schematically illustrating disposi- 
tion of the TMR element and write line that configure 
a magnetic memory cell array according to a second 5 
embodiment; 

FIG. 11 is a view showing a planar structure of a 
memory cell in the second embodiment; 
FIGS. 12A and 12B are views showing cross sec- 
tions taken along the lines 12A-12A and 12B-12B 10 
in the memory cell structure shown in FIG. 11; 
FIG. 13 is a view schematically illustrating disposi- 
tion of the TMR element and write element that con- 
figure a magnetic memory cell array according to a 
third embodiment; 15 
FIG. 14 is a view showing a sectional structure of 
an element of the magnetic memory array accord- 
ing to the third embodiment; 
FIG. 15 is a view showing an electrical equivalent 
circuit of a magnetic memory cell array according 20 
to a fourth embodiment; 

FIG. 16 is a view showing a sectional structure of 
an element of a magnetic memory cell array accord- 
ing to a fifth embodiment of the present invention; 
FIG. 17 is a view showing a sectional structure of 25 
an element of a magnetic memory cell array accord- 
ing to a sixth embodiment of the present invention; 
FIGS. 18A and 18B are views each showing a sec- 
tional structure of an element of a magnetic memory 
cell array according to a seventh embodiment of the 30 
present invention; 

FIG. 19 is a view showing a sectional structure of 
an element of a magnetic memory cell array accord- 
ing to an eighth embodiment of the present inven- 
tion; 35 
FIG. 20 is a view showing cross sections of the 
memory cell structure of a magnetic memory cell 
according to a ninth embodiment; 
FIG. 21 is a view showing an electrical equivalent 
circuit of a magnetic memory cell array according *o 
to a tenth embodiment; 

FIG. 22 is a view showing an electrical equivalent 
circuit of a magnetic memory cell array according 
to an eleventh embodiment; 

FIG. 23 is a view showing an electrical equivalent 45 
circuit of a magnetic memory cell array according 
to a twelfth embodiment; 

FIG. 24 is a view showing an electrical equivalent 

circuit of a magnetic memory cell array according 

to a thirteenth embodiment; 50 

FIG. 25 is a view showing an electrical equivalent 

circuit of a magnetic memory ceil array according 

to a fourteenth embodiment; 

FIG. 26 is a view showing an electrical equivalent 

circuit of a magnetic memory cell array according 55 

to a fifteenth embodiment; 

FIG. 27 is a view showing an electrical equivalent 

circuit of a magnetic memory cell array according 



to a sixteenth embodiment; 

FIG. 28 is a view showing an electrical equivalent 

circuit of a magnetic memory cell array according 

to a seventeenth embodiment; 

FIG. 29 is a view showing an electrical equivalent 

circuit of a magnetic memory cell array according 

to an eighteenth embodiment; 

FIG. 30 is a view showing an electrical equivalent 

circuit of a magnetic memory cell array according 

to a nineteenth embodiment; 

FIG. 31 is a view showing an electrical equivalent 

circuit of a magnetic memory cell array according 

to a twenty embodiment; 

FIG. 32 is a view depicting an equivalent circuit 
when a pn diode of the magnetic memory cell array 
according to a modification of the twenty embodi- 
ment is replaced with a MOS transistor; 
FIG. 33 is a view showing an electrical equivalent 
circuit of a magnetic memory cell array according 
to a twenty-first embodiment; 
FIG. 34 is a view showing the result obtained when 
a current that flows a bit line is measured as a func- 
tion of an offset voltage V off in the twenty-first em- 
bodiment; 

FIG. 35 is a view showing an electrical equivalent 
circuit of a magnetic memory cell array according 
to a twenty-second embodiment; 
FIG. 36 is a timing chart for illustrating readout op- 
eration in the magnetic memory array in the twenty- 
second embodiment; and 

FIG. 37 is a view showing the entire configuration 
of the magnetic memory cell array in the twenty- 
second embodiment. 

[0042] Hereinafter, the present invention will be de- 
scribed in detail by way of present embodiments. 

(First Embodiment) 

[0043] FIG. 1 is a view showing an electrical equiva- 
lent circuit of a magnetic memory cell array according 
to a first embodiment of the present invention. 
[0044] In the figure, a region enclosed by dashed line 
corresponds to a memory cell 201 , and this memory cell 
201 is fabricated by two TMR elements and a selection 
transistor. That is, the first memory cell is fabricated by 
TMR elements 11 and 21 and a selection transistor 31 ; 
the second memory cell is fabricated by TMR elements 
12 and 22 and a selection transistor 32; the third mem- 
ory cell is fabricated by TMR elements 13 and 23 and a 
selection transistor 33; and the forth memory cell is fab- 
ricated byTMRelements 14 and 24 and a selection tran- 
sistor 34. In the figure, although four memory cells are 
arranged relevant to a data line direction which will be 
described later, the number of arranged memory cells 
can be, of course, changed as required. 
[0045] . In the first memory cell 201 , one end of each 
of the two TMR elements 11 is connected to a data line 
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DL, and one end of the TMR element 21 is connected 
to a data line /DL. The other end of each of the TMR 
elements 11 and 21 is connected to the same bit line BL 
via the cell selection transistor 31. In the other cells as 
well, similarly, one end of the TMR element is connected 5 
to each of the data lines DL and /DL, and the other end 
is connected to the same bit line BL via cell selection 
transistors (32 to 34). 

[0046] Independent word lines WL1 to WL4 are dis- 
posed respectively at the selection transistors 31 to 34. 10 
As described later, the adjacent memory cell arrays 
share a drain region of the selection transistors and a 
bit line. The data lines DL and /DL are connected to a 
current detection type differential amplifier 401 via a se- 
lection transistor having a common word line DSL. A bi- 15 
as voltage clamping circuit 420 is connected to the bit 
line BL via a selection transistor having a word line BSL 
connected thereto. 

[0047] Next, an operation of this circuit will be de- 
scribed by exemplifying a memory cell 201 . 20 
[0048] Now, consider a case in which the magnetiza- 
tion configurations of the record layer and pinned layer 
of the TMR element 11 are parallel to each other, and 
those of the TMR elements 21 are anti-parallel to each 
other (record information "1 "). In an initial state, the po- 25 
tentials of WL1, BSL, and DSL areO. Then, the poten- 
tials of DSL and BSL are defined as V DD , DL and /DL 
are set to a zero potential, and V Was is applied to BL. In 
this state, when WL1 is set to V DD> the selection tran- 
sistor 3 1 is electrically conductive. Assuming that the re- 30 
sistance value of the TMR element 11 is defined as R 
(1 -MR/2) and the resistance value of the TMR element 
21 is defined as R (1 + MR/2), the sense currents I, and 
l 2 that flows the data line DL and /DL are as follows. 

35 

'1 =V bias /R(1-MR/2) (12) 



l 2 =V bjas /R(1+MR/2) (13) 40 

[0049] That is, the result is \ A > l 2 , and the difference 
is l sig = V / R x MR. In the case of the record information 
"0", i.e., in the case where the magnetization configura- 
tions of the TMR elements 1 1 is anti-parallel to each oth- 45 
er, and those of TMR elements 21 are parallel to each 
other, I-, and l 2 are as follows. 

l l =V bh8 /R(1+MR/2) (14) 50 



l 2 =V b|as /R(1-MR/2) < 15 ) 

[0050] That is, the result of ^ < l 2 , and the difference 
is equal to a case of record information "1". Therefore, 
the magnitudes of l 1 and l 2 are compared by means of 



the current detection type differential amplifier 401, 
thereby making it possible to read out information. 
[0051] FIG. 2 shows a change in the currents Ij and 
l 2 that flows data lines DL and /DL as a change with an 
elapse of time. Here, the bias voltage V 5las is 400 mV; 
the resistance values of the TMR elements 11 and 21 
are 40 kn in a parallel state with a predetermined bias, 
and are 60 kO in an anti-parallel state. The potential 
WL1 is held in a period VDD of 5 ns to 10 ns. As de- 
scribed above, it is found that sense currents with dif- 
ferent values flow the data lines DL and /DL according 
to the element resistance value. A slight time delay is 
occurred due to the stray capacitance of the data lines. 
[0052] FIG. 3 shows waveforms when record informa- 
tion on a plurality of memory cells is continuously read 
out. In this embodiment, since data lines DL and /DL 
with low impedance are current driven, as shown in FIG. 
2, the delay due to the stray capacitance of the data lines 
is as small as 0.5 ns or less. Such high speed readout 
characteristic is an great advantage of the present in- 
vention. 

[0053] In the present embodiment, an unselected cell 
serves as a shunt resistor between the data lines DL 
and /DL, and its resistance value is 2R irrespective of 
storage information. For example, in the case in which 
N + 1 cells are connected to the data lines DL and /DL, 
its equivalent circuit is as shown in FIG. 4. In this circuit, 
a connection between the data lines DL and /DL is short- 
circuited by a resistor of 2R / N. While sense currents 
flow from the selection cell to the data lines DL and /DL, 
a potential difference is slightly produced with the data 
lines DL and /DL by a wiring resistance R D of the data 
lines DL and /DL, whereby a current flows a short-circuit 
resistor Rq. As a result, the potential difference acts in 
a direction in which the current difference between the 
data lines DL and /DL is eliminated. 
[0054] FIG. 5 shows the result of simulation using the 
equivalent circuit shown in FIG. 4. Here, R = 250 kn is 
presumed. When the magnitude of the short-circuit re- 
sistance Rdummy is 2.5 kQ, i.e., when the number of con- 
nection cells is N = 100, a decrease in the current dif- 
ference is within 10%, which does not cause any prac- 
tical problem. However, there will be lost an advantage 
of the present invention that, when the number of con- 
nection cells is N = 1000, a decrease in current differ- 
ence exceeds 50%, and an output signal increases by 
two times due to complementary readout. Therefore, in 
the present embodiment, the number of memory cells 
per cell block is preferably 100 or less, and is required 
to be 1,000 at most. 

[0055] FIG. 6 is a view schematically illustrating dis- 
position of a TMR element and a write line that configure 
the magnetic memory array according to the present 
embodiment. In FIG. 6, reference numerals 10 to 14 and 
reference numerals 20 to 24 denote TMR elements, and 
reference numerals 51 and 52 denote write lines. For a 
better understanding of the invention, a structure other 
than those of the TMR elements and write lines is omit- 



8 



15 



EP 1 109 170 A2 



16 



ted here. In the figure, an area enclosed by dashed line 
indicates the memory cell 201. In the figure, although 
five memory cells are arranged along in a direction in 
which write lines 51 are arranged, the number of this 
arrangements can be changed as required. 
[0056] The memory cell 201 includes two TMR ele- 
ments (first and second TMR elements 11 and 12), and 
the write lines 51 and 52 cross each other vertically in 
their respective element regions. The TMR elements 11 
and 21 configure a single or double and more tunnel 
junctions as described later, and have a pinned layer in 
which the magnetization direction is pinned; and a re- 
cording layer in which the magnetization direction 
changes. In addition, these elements are manufactured 
so that the resistance values, the magnetoresistance ra- 
tio, and the switching field of the recording layer are 
equal to each other in both of the elements. The write 
line 51 has a folded U-letter shape, and is disposed so 
that the current flowing direction is reversed relevant to 
the TMR elements 11 and 21. 
[0057] Recording information is written into the mem- 
ory cell 201 by using the write lines 51 and 52. Now, 
assuming that a potential of one end 511 of the write line 
51 is set to be higher than the other end 512, a write 
current flows the write line 51 as indicated by the arrow. 
The direction of the write current is at the upper right of 
a paper face relevant to the TMR element 21, and is at 
the lower left of a paper face relevant to the TMR ele- 
ment 11. By this write current, the magnetic field in the 
direction indicated by the arrow shown by dashed line 
in the figure is produced around the write line, and how- 
ever, its orientation is at the left of a paper face relevant 
to the TMR element 21 , and at the right of a paper face 
relevant to the TMR 11. Therefore, by this magnetic 
field, the writing operation can be achieved such that the 
magnetization directions of the TMR elements 11 and 
21 are always opposite to each other. 
[0058] The information "1" and "0" may be discrimi- 
nated depending on whether a relative angle between 
magnetization of the recording layer of the TMR element 
11 and magnetization of the pinned layer is parallel or 
anti-parallel. In addition, the information "1" and "0" are 
easily rewritten by inverting a direction of a write current 
that flows the write line 51. In the write line 51, a first 
write line 51a is defined which connects to a terminal 
511, and a second write line 51b is defined which con- 
nects to a terminal 512. 

[0059] In order to select a cell during writing, a write 
line 52 (a third write line) is used together with the write 
line 51. That is, when a write current in the upper left 
direction of a paper face flows the write line 52 as shown, 
the magnetic field in a direction indicated by the arrow 
shown by dashed line in the figure is produced around 
the write line 52. The direction of the magnetic field from 
the write line 52 is identical to those of the TMR elements 
11 and 21, and is vertical to the magnetic field direction 
from the write line 51. Therefore, the value of a write 
current that flows each of the write lines 51 and 52 is set 



so that the value of the composite magnetic field from 
the write lines 51 and 52 is greater than that of the in- 
verted magnetic field, whereby cell selection and writing 
can be achieved. 

[0060] In the writing operation using the magnetic 
fields orthogonal to each other as described above, it is 
preferable that the easy axis of magnetization of the re- 
cording layer of the TMR element is parallel to the mag- 
netic field direction from the write line 51 . In addition, 
the write lines 51 and 52 may not always be orthogonal 
to each other in the vicinity of the TMR element, and an 
arbitrary angle may be set. 

[0061] FIG. 7 shows a planar structure of a memory 
cell 201 that corresponds to that shown in FIG. 1. The 
memory cell according to the present embodiment has 
two TMR elements in one structure, and the TMR ele- 
ments are formed at an upper layer of the semiconduc- 
tor circuitry on a Si substrate 70. 
[0062] In FIG. 7, reference numerals 71 and 72 de- 
note diffusion regions of a cell selection transistors 
which serve as drain or source of the transistor; refer- 
ence numerals 41 and 42 denote data lines, reference 
numeral 30 denotes a word line of the cell selection tran- 
sistor; reference numeral 44 denotes a cell plate formed 
at the lower layer of the TMR elements 11 and 12; ref- 
erence numeral 45 denote a contact between the cell 
plate 44 and the drain region of the cell selection tran- 
sistor. The source region 72 of the cell section transistor 
is shared with memory cells of the adjacent memory cell 
arrays (not shown), and is connected to a bit line. In con- 
sideration of an element separation region, the dimen- 
sions of one memory cell range from 20 to 25F 2 . Here, 
F denotes a data line interval. 

[0063] In the present embodiment, two TMR elements 
share one transistor, thus making it possible to reduce 
a cell region twice in comparison with a differential am- 
plifier in which two TMR elements have their own tran- 
sistors. 

[0064] FIGS. 8A and 8B are schematic views showing 
cross sections taken along the lines 8A-8A and 8B-8B 
in a planar structure of the memory cell shown in FIG. 
7. The semiconductor circuit section formed on a Si sub- 
strate 70 and each metal layer is separated by an inter- 
layer insulation layer 60. The TMR elements 11 and 21 
each are composed of a stack of a record layer 101, a 
tunnel barrier 102, and a pinned layer 103. The TMR 
elements 11 and 21 are formed on a common cell plate 
44. The cell plate 44 is formed to ensure electrical con- 
tact between a cell selection transistor and each of the 
TMR elements 11 and 21. This node is made of non- 
magnetic conductive layer such as W, Al or Ta. 
[0065] In the present embodiment, although there is 
illustrated a structure in which the write lines 51 and 52 
are separated from the data lines 41 and 42, it is possi- 
ble to share both of them as shown in FIGS. 9A and 9B, 
and to provide the data lines 41 and 42 with functions 
of the write line 51. In this case, a metal wiring layer that 
corresponds to the write line 51 shown in FIGS. 8A and 
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8B is eliminated. In addition, in the above case, although 
the data lines 41 and 42 .are required to be short- 
circuited at one end thereof during write operation, this 
short-circuit mechanism can be easily arranged by us- 
ing a conventionally known circuit technology. Although 5 
the data lines 41 and 42 are connected to each other by 
a number of TMR elements, the junction resistance of 
the TMR element is sufficiently large in comparison with 
the wiring resistance of the data lines. Thus, even if a 
plurality of such elements are connected, the magnitude 10 
of a write current that flows through the TMR elements 
during writing can be ignored. 

[0066] It is a preferred embodiment that a barrier met- 
al formed of a conductive metal nitride such as TIN or 
TaN for preventing mutual metal diffusion is provided at 15 
the lower part of the cell plate 44 and at a contact site 
of the TMR element. In addition, a seed layer such as 
Au, Pt, Ta, Ti, or Cr may be provided in order to control 
crystallinity and crystal orientation of the pinned layer 
103. 20 
[0067] The pinned layer 103 is made of a thin layer 
made of Fe, Co, Ni or their alloy. The magnetization di- 
rection of the pinned layer defines a reference direction 
during information writing and readout. Therefore, the 
switching field is required to be sufficiently greater than 25 
that of the recording layer described later. For this pur- 
pose, for example, there is preferably employed: a stack 
made of metallic anti-ferromagnetic material such as Mn 
alloy and Fe, Co, Ni or their alloy; or an alternate stack 
made of Fe, Co, Ni or their alloy subjected to interlayer 30 
anti-ferromagnetic coupling and a non-magnetic metal 
such as Cu or Ru. 

[0068] The tunnel barrier 102 is made of an Al oxide 
layer, and is formed on the pinned layer 103 by directly 
sputtering alumina, or by oxidizing, after an Al of 2 nm 35 
or less in thickness has been formed, the Al layer. A ma- 
terial used for the tunnel barrier 102 is required to have 
good insulation properties in very thin layer thickness of 
2 nm or less. As such material, there can be used a 
Ta 2 0 5> silicon oxide, silicon nitride, MgO and the like as *o 
well as the above alumina sputtered layer and Al oxida- 
tion layer. In addition, there can be provided a structure 
in which metal particles are dispersed in an insulation 
material, and further, a structure in which a very thin met- 
al layer of several nm is sandwiched. When an insulating ^ 
layer having these composite structures is used, the cell 
resistance value can be easily controlled by structural 
design, which is preferable in the practical point of view. 
[0069] The recording layer 101 is formed of a thin lay- 
er made of Fe, Co, Ni or their alloy. In order to reduce so 
power consumption during information writing, it is de- 
sirable that the switching field of the recording layer is 
as small as possible. The magnitude of the preferred 
switching field is 10 Oe to 30 Oe. For the purpose of 
reducing the switching field of the recording layer, it is a 55 
preferred embodiment to employ a layer that stacks a 
CoFe alloy layer having high spin polarization of con- 
ductive electron and a NiFe allow layer having soft mag- 



netic characteristics. In addition, an alloy or compound 
with Fe, Co, Ni and any other element may be employed. 
[0070] Data lines 41 and 42 formed of a non-magnetic 
conductive layers such as W, Al or Cu or their alloy .are 
disposed at the upper layer of the record layer 101 . Al- 
ternatively, it is a preferred embodiment to provide a 
contact site with a barrier metal that is formed of a con- 
ductive metal nitride such as TiN or TaN, for example, 
for preventing mutual diffusions with these lines. For 
constituent elements other than TMR elements and a 
manufacturing method thereof, there can be employed 
a semiconductor element manufacturing technique 
which is conventionally known, and a detailed descrip- 
tion is omitted here. 

[0071] As described above, in the present embodi- 
ment, one memory cell (for example, reference numeral 
201) is fabricated by two TMR elements (for example, 
reference numerals 11 and 21), each of memory cells is 
disposed at a cross point between each of the write lines 
51a and 51b disposed in parallel to each other and the 
write line 52 orthogonal to these lines. Thus, a current 
is supplied to the write lines 51a and 51b and the write 
line 52, whereby writing can be selectively performed 
for an arbitrary memory cell. 

[0072] The directions of currents that flow the write 
lines 51a and 51b are opposite to each other, and the 
magnetization directions of the storage layer 1 01 of the 
two TMR elements 1 1 and 21 that configures one mem- 
ory cell are always anti-parallel to each other during 
write operation. Thus, the difference between outputs of 
the TMR elements 11 and 21 is obtained during storage 
information readout, whereby a great differential voltage 
can be obtained in comparison with that in the prior art. 
Specifically, when a cell selection transistor 31 is ren- 
dered conductive during readout, and a potential differ- 
ence is applied between each of the first and second 
data lines DL and /DL and the bit line BL, the magnitudes 
of the currents I, and l 2 that flow the data lines DL and 
/DL are compared with each other by means of the cur- 
rent detection type differential amplifier 401, whereby 
storage information can be read out. 
[0073] Therefore, according to the- present embodi- 
ment, the cell output voltage can be increased, and a 
signal-to-noise ratio can be improved without causing 
an increase in power consumption during readout, mak- 
ing it possible to ensure compatibility between low pow- 
er consumption and fast readout capability. In addition, 
the TMR elements 11 and 21 share the same cell selec- 
tion transistor 31, thus making it possible to completely 
eliminate an offset of a cell output voltage due to disper- 
sion in transistor characteristics. 

(Second Embodiment) 

[0074] FIG. 10 is a view schematically illustrating dis- 
position of a TMR element and a write line that configure 
the magnetic memory cell array according to a second 
embodiment of the present invention. 
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[0075] In FIG. 10, reference numerals 10 to 14 and 
reference numerals 20 to 24 denote TMR elements; ref- 
erence numerals 51 and 52 denote write lines. For a bet- 
ter understanding, a structure other than those of the 
TMR elements and write lines is omitted. In the figure, 5 
an area enclosed by dashed line indicates a region of a 
memory cell 201 that is an information recording unit. 
[0076] The memory cell 201 includes two TMR ele- 
ments 11 and 21. Write lines 51 and 52 cross vertically 
in the respective element regions. The write line 51 has 10 
a folded IMetter shape in vertical direction, and is dis- 
posed so that the TMR elements 11 and 21 are opposite 
to each other in the current run direction. In the present 
embodiment, unlike the first embodiment, the TMR ele- 
ments 11 and 21 and the write line 51 are disposed in is 
the same plane in a direction vertical to the layer face. 
[0077] That is, the write line 51 is formed of the first 
and second write lines 51a and 51b disposed in parallel 
to each other in vertical direction, and one end of each 
of the write lines 51 a and 51 b is connected at the outside 20 
of the cell disposition region. The TMR elements 10 to 
14 are disposed respectively on the lower face of the 
write line 51a; TMR elements 20 to 24 are disposed re- 
spectively on the upper face of the write line 51b, and 
the TMR elements 10 and 20, 11 and 21 , 12 and 22, 12 25 
and 23, and 14 and 24 are disposed in opposite to each 
other in vertical direction. For example, with respect to 
a memory cell 201 that is fabricated by TMR elements 
11 and 21, a third write line 52 is disposed at an inter- 
mediate position between the first and second write so 
lines 51a and 51b so as to be orthogonal to the write 
lines 51 a and 51 b. Any arrangement and function other 
than the above is similar to that shown in the first em- 
bodiment, and a detailed description will be omitted 
here. 35 
[0078] FIG. 1 1 shows a planar structure of a memory 
cell 201 that corresponds to that shown in FIG. 10. FIGS. 
12A and 12B schematically illustrate cross sections of 
the memory cell that corresponds to that shown in FIG. 
1 1 , taken along the lines 1 2A-1 2A and 1 2B-1 2B. <o 
[0079] In the present embodiment, unlike the first em- 
bodiment, common cell plates 44 and 44* are provided 
at the upper and lower two layers; the cell plate 44 is 
connected at the lower end of the upper TMR element 
1 1 ; and the cell plate 44' is connected at the lower end 45 
of the lower TMR element 21 . Further, a data line 41 is 
connected to the upper layer of a record layer 1 01 of the 
TMR element 1 1 , and a data line 42 is connected to the 
upper layer of a record layer 1 01' of the TM R element 21 . 
[0080] As described above, in the present embodi- 50 
ment, unlike the first embodiment, the TMR element 11 
and 21 and write line 51, and further, the data lines 41 
and 42 are disposed in the same plane in a direction 
vertical to the layer face. Any arrangement or function 
other than the above is similar to that shown in the first 55 
embodiment, and an advantageous effect similar to that 
of the first embodiment can be provided. In addition, in 
the present embodiment, the two TMR elements 11 and 



21 are disposed in vertical direction, and an area for one 
memory cell is about 8 to 12F 2 , which is smaller than 
that of the first embodiment. 

(Third Embodiment) 

[0081] FIG. 13 is a view schematically illustrating dis- 
position of a TMR element and a write line that configure 
the magnetic memory array according to a third embod- 
iment of the present invention. 
[0082] In FIG. 13, reference numerals 10 to 14 and 
reference numerals 20 to 24 denote TMR elements, and 
reference numerals 51 and 52 denote write lines. For a 
better understanding, a structure other than those of the 
TMR elements and write lines is omitted here. Unlike 
the second embodiment shown in FIG. 10, a third write 
line 52 passes underneath a second write line 52b in- 
stead of between the first and second write lines 51a 
and 51b. 

[0083] FIG. 14 is a view schematically illustrating a 
cross section of the memory cell in the third embodi- 
ment. In the present embodiment, unlike the first and 
second embodiments, the TMR elements 11 and 21 are 
formed at the upper and lower sides of a common cell 
plate 44, respectively. Further, a data line 41 is connect- 
ed to the upper layer of a record layer 101 of the TMR 
element 11 , and a data line 42 is connected to the lower 
layer of a recording layer 101' of the TMR element 21. 
[0084] In addition, in the present embodiment, the cell 
plate is made of a ferromagnetic material. This material 
is characterized by functioning as a common pinned lay- 
er of the TMR elements 11 and 21. That is, the TMR 
element 11 is fabricated by a record layer 101, a tunnel 
barrier 102, and a cell plate 44, and the TMR element 
21 is fabricated by a record layer 101\ a tunnel barrier 
102', and a cell plate 44, respectively. 
[0085] With such arrangement, in the present embod- 
iment, there is provided an advantage that a cell array 
can be easily manufactured in comparison with the sec- 
ond embodiment, and a dispersion in characteristics of 
the TMR elements 11 and 21 is reduced. In the cell plate 
44, only a portion configuring the TMR elements 11 and 
21 may be made of a ferromagnetic material, and the 
other portion may be made of a non-magnetic material. 
[0086] According to the present embodiment, the 
TMR elements and write lines are stacked in the direc- 
tion of the layer face, thus making it possible to signifi- 
cantly reduce a cell area. When F is defined as a data 
line interval, the dimensions of one memory cell is 8 to 
12F 2 , and about half of the cell area can be achieved in 
comparison with the first embodiment. 

(Fourth Embodiment) 

[0087] Hereinafter, a fourth embodiment concerning . 
a circuit configuration of a magnetic memory device ac- 
cording to the present invention will be described with 
reference to a circuit diagram shown in FIG. 15. 
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[0088] The magnetic memory device according to the 
present invention comprises two or more tunnel junc- 
tions for each of a plurality of constituent memory cells. 
In this fourth embodiment, a description will be given by 
using a double tunnel junction element 111 that compris- 5 
es two tu nnel junctions, and however, an aspect in which 
this double tunnel is expanded to a multiple tunnel junc- 
tion is included in the present invention. 
[0089] A configuration of double tunnel junction ele- 
ments 111a and 11 1b shown in FIG. 15 will be described 10 
using an element 111a. The element 111a comprises: a 
tunnel junction 111a-1 that is formed of a first pinned 
layer, a first tunnel barrier, and a first magnetic layer; 
and a tunnel junction 1 1 1 a-2 that is formed of a second 
magnetic layer, a second tunnel barrier, and a second 15 
pinned layer. When these are stacked sequentially, the 
resultant stack is composed of the first pinned layer, first 
tunnel barrier, first magnetic layer, non-magnetic con- 
ductive layer, second magnetic layer, second tunnel bar- 
rier, and second pinned layer which are stacked in this 20 
order. 

[0090] First and second pinned layers are ferromag- 
netic layers having their magnetizations pinned, and its 
magnetization does not change even in a writing mag- 
netic field. In first and second magnetic layers, thanks 25 
to the non-magnetic conductive layer inserted between 
these magnetic layers, always their magnetizations of 
the first and second magnetic layers are always antifer- 
romagnetically coupled. The first and second magnetic 
layers and the non-magnetic conductive layer constitute 30 
the recording layer. The magnetization configuration of 
the recording layer can be changed by applying the writ- 
ing magnetic field. 

[0091] Differential detection of storage information on 
these tunnel junction elements 111a and 111b will be de- 35 
scribed by using the tunnel junction element 111a shown 
in FIG. 15. Information is stored so that one of the tunnel 
junctions 111a-1 and 111a-2 is at a low resistance Rp, 
and the other is at a high resistance R AP . Here, the low 
resistance R p is the resistance in which magnetizations «o 
of the magnetic layer and the pinned layer are parallel 
to each other; and a high resistance R AP is the resist- 
ance in which the magnetization of the magnetic layer 
is anti-parallel to that of the pinned layer. 
[0092] In this double tunnel junction element 111a, the 45 
first pinned layer is connected to a data line 113 and the 
second pinned layer is connected to a data line 112. 
These layers are connected to a common sense ampli- 
fier 17. 

[0093] The recording layer is electrically connected to so 
a source or drain of a transistor 1 14a. This configuration 
is provided such that all or either of the first magnetic 
layer, the non-magnetic conductive layer, and second 
magnetic layer that configure the recording layer are 
electrically connected to the source or drain via a con- 55 
ductive layer. 

[0094] Another double tunnel junction element having 
the same configuration as a double tunnel junction 111a, 



for example, a double tunnel junction element 111b 
shown in FIG. 15 is connected in parallel to data lines 
112 and 113 in the same format as the element 111a. In 
addition, a connection between the storage layer of the 
double tunnel junction element 111b and a cell transistor 
114a are made in a manner similar to that of the double 
tunnel junction element 111a. 

[0095] Two or more tunnel junction elements connect- 
ed to the same data lines 112 and 113 can be provided 
in plurality, and are disposed in array shape in a direction 
in which the data lines 112 and 113 shown in FIG. 15 
extend. In addition, cell transistors 114a and 114b of 
memory cells connected to the same bit lines shown in 
FIG. 15 are connected in common to the source or drain 
of a bit line selection transistor 115. The gate of each 
cell transistor is connected to each of the corresponding 
word lines 1 1 6a and 1 16b. Although not shown, the gate 
electrodes of the cell transistors of memory cells dis- 
posed in array shape can be connected in common to 
the same word lines in a lengthwise direction of word 
lines. 

[0096] In the fourth embodiment, one memory cell is 
composed of one transistor and a double tunnel junction 
element, whereby a differential system can be achieved, 
and there is no need to use reference cells. In addition, 
bit size can be significantly reduced, and a memory de- 
vice with its large capacity can be achieved. Further, a 
problem with dispersion of cell transistors can be re- 
duced, and thus, noise can be significantly reduced. As 
a result, the obtained S/N ratio is 10 times or more as 
high as a conventional MRAM. Furthermore, the reduc- 
tion of the magnetoresistance ratio depending on the 
applied voltage is small because double or more multi- 
ple tunnel junction is used. Still further, due to the fact 
that the recording layer is consist of the first and second 
ferromagnetic layers which are anti-ferromagnetically 
coupled with each other, the demagnetization field still 
remains small even if the size of the memory cell is re- 
duced in sub-micron region. Therefore, a large capacity, 
non-volatile memory with its small power consumption 
can be provided. 

(Fifth Embodiment) 

[0097] Fifth embodiment describes a structure of a 
memory device that configures a circuit described in the 
fourth embodiment and magnetic information writing/re- 
adout with reference to the sectional view shown in FIG. 
16. In the FIG. 16, like elements shown in FIG. 15 are 
designated by line reference numerals, and a detailed 
description will be omitted here. 
[0098] According to a double tunnel junction element 
111 of the illustrative embodiment, there are formed to 
be sequentially stacked: a first pinned layer 121; a first 
tunnel barrier 122; a first magnetic layer 123; a non- 
magnetic conductive layer 124; a second magnetic layer 
125; a second tunnel barrier 126; and a second ferro- 
magnetic magnetization pinned 127. The first magnetic 
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layer 1 23, non-magnetic conductive layer 124, and sec- . 
ond magnetic layer configure a recording layer 128. In 
this element 111, a first tunnel junction is formed by the 
first pinned layer 121, the first tunnel barrier 122, and 
the first magnetic layer 123; and a second tunnel junc- 5 
tion is formed by the second magnetic layer 125, the 
second tunnei barrier 126, and the second pinned layer 
127. Although the recording layer 128 is a tri-layered 
film, this layer can be further a multiple layered film. 
[0099] First and second magnetic layers 123 and 125 10 
that configure the recording layer 1 28 are antiferromag- 
netically coupled with each other. Namely, the magnet- 
ization of the first and second magnetization layers 123 
and 125 is maintained in a direction opposite to each 
other, and the magnetization of these layers is main- *5 
tained in a direction opposite to each other after inverted 
by an external magnetic field. Such an anti-ferromag- 
netic coupling can be achieved by inserting a thin, non- 
magnetic, conductive layer 124 between the first and 
second magnetic layers 123 and 125. 20 
[0100] The material of the non-magnetic conductive 
layer 124 that promotes interlayer exchange coupling 
with the first and second ferromagnetic layer can be se- 
lected from publicly known materials. However, it is de- 
sirable to use Cu, Ru, Cr, Re, Ir, and alloy including one 25 
of these elements of 50 atom.% or more. In particular, 
Ru, Re, and Ir thin film can promote strong antiferromag- 
netic interlayer coupling, which is preferable. 
[0101] In addition, in order to promote magnetization 
switching by low magnetic field, it is desirable that two 30 
magnetic layers has different magnetization. Thus, it is 
preferable to form first and second magnetic layers with 
their different layer thickness or to use magnetic layers 
with their different materials. 

[0102] The orientations of magnetization of the first 35 
and second pinned layers 121 and 127 are pinned to be 
the same as each other as shown in FIG. 16. The ori- 
entations of magnetization of the first and second mag- 
netic layers 123 and 125 coupled antiferromagnetically 
are inverted from a state "1" shown in FIG. 1 6 to a state <o 
"0", whereby the storage information on these memory 
cells is changed. 

[0103] In the state "1" shown in FIG. 16, the orienta- 
tions of magnetization of the first pinned layer 121 and 
the first magnetic layer 1 24 are anti-parallel to each oth- 45 
er. Thus, the first tunnel junction is high resistance R AP . 
The orientations of magnetization of the second mag- 
netic layer 125 and the second pinned layer 127 are par- 
allel to each other. Thus, the second tunnel junction is 
at a low resistance R P . In contrast, in the state "0", the so 
orientations of magnetization of the first pinned layer 
121 and the first magnetic layer 123 are parallel to each 
other. Thus, the first tunnel junction is at a low resistance 
R p . The orientations of magnetization of the second 
magnetic layer 125 and second pinned layer 127 are 55 
anti-parallel to each other. Thus, the resistance of the 
second tunnel junction can be at a high resistance R AP . 
[0104] Now, a method of writing operation will be de- 



scribed here. Information is stored by supplying a writing 
current to the write lines 129 and 130 shown in FIG. 16. 
The write line 129 extends long in the horizontal direc- 
tion of the paper face shown in FIG. 16, and the write 
line 130 extends long in the vertical direction of the pa- 
per face. The writing current is supplied to both of them, 
whereby information is stored in the double tunnel junc- 
tion element 1 1 1 only at its cross point. As shown in FIG. 
16, the recording layer 128 is connected to a source or 
drain 131 of a cell selection transistor 114 via a contact 
column (wire) made of a conductive material, and the 
other source or drain 131 of the cell selection transistor 
114 is connected to a bit line selection transistor 115 
shown in FIG. 15. A contact column for connecting one 
of the storage layer 128 and source or drain 131 is po- 
sitioned in front of or at the depth of paper face as indi- 
cated by dotted line in FIG. 16 and crosses the data line 
113 and write-in line 129 via an interiayered insulation 
layer. 

[0105] The longitudinally stacked double tunnel junc- 
tion shown in FIG. 1 5 can greatly contribute to reduction 
of bit size. In addition, when a soft magnetic layer is used 
for two magnetic layers 123 and 125 that are antiferro- 
magnetically coupled with each other, coercive force is 
reduced. Thus, a small magnetic field is required for writ- 
ing information. Even if an element size is reduced, the 
writing current remains small, and low power consump- 
tion is maintained. 

[0106] Furthermore, as in the fourth embodiment, any 
reference cells are not used, and there is no need to 
consider dispersion of transistors or tunnel junction el- 
ements. Thus, significant cost reduction is achieved. 
[0107] In order to increase read sensitivity, it is desir- 
able to use materials with having high magnetoresist- 
ance ratio for magnetic materials of first and second fer- 
romagnetic pinned layers or first and second magnetic 
layers. Therefore, the magnetic layers 123 and 125 and 
the pinned layers 121 and 127 can be made of such as 
Co, Fe, CoFe, CoNi, CoFeNi, and FeNi alloys and half 
metals such as NiMnSb or Co 2 MnGe. In half metals, on- 
ly one energy gap exists at one spin band. Thus, spin 
polarization rate is large. By using this metal, higher 
magnetoresistance effect can be achieved. As a result, 
more signal output can be obtained. 
[0108] In addition, it is possible to use a variety of 
means for pinning magnetization of the pinned layers 
121 and 127. For example, there are provided means 
using a ferromagnetic material with higher coercive field 
than the magnetic layers 123 and 125 of the recording 
layer 128; means for pinning magnetization of the 
pinned layer by utilizing exchange coupling between the 
anti-ferromagnetic layer and the ferromagnetic layer 
which are in contact with each other; and means for 
making the ferromagnetic layer in contact with a hard 
magnetic layer in place of the anti-ferromagnetic layer 
to fix magnetization of the pinned layers 121 and 127 
using the leakage magnetic field. Anti-ferromagnetic 
layer materials used for exchange coupling can include 
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materials employed in a general spin valve GMR such 
as FeMn, IrMn, and PtMn. 

[0109] In addition, as tunnel barriers 122 and 126, 
there can be used a variety of insulation non-magnetic 
materials such as Al 2 0 3 , Ta 2 0 5 , silicon nitride silicon ox- 5 
ide, or MgO. The thickness of these layers preferably 
ranges from 5 angstroms to 30 angstroms. 
[0110] Further, the magnetic element thin layers as 
described above can be fabricated by using a general 
apparatus for forming a thin layer such as molecule 10 
beam epitaxy (MBE) approach, various sputtering ap- 
proach, or vapor deposition approach. In addition, the 
structure as shown in the illustrative embodiment can 
be fabricated using fine processing technique and mul- 
tiple layered wiring technique. 15 

(Sixth Embodiment) 

[011 1] A sixth embodiment describes another struc- 
ture of the memory device that configures a circuit de- 20 
scribed in the fourth and fifth embodiments and writing/ 
readout of the information using a sectional structure of 
FIG. 17 and a schematic circuit diagram. In FIG. 17, like 
elements in FIGS. 15 and 16 are designated by like ref- 
erence numerals, and a detailed description will be omit- 25 
ted here. 

[0112] In the illustrative embodiment, there is shown 
a circuit in which one of the data lines 112 and 113 and 
the data line 113 and sense amplifier 117 shown in FIG. 
17 are connected via a transistor 1 33. In this manner, in 30 
FIG. 16, one of two write-in line 129, 130 can be elimi- 
nated. That is, during information writing, a current is 
supplied to the data line 112 and write-in line 134, and 
at the same time, the transistor 133 is turned OFF. In 
this manner, the current that flows to the data line 112 35 
does not flow through a tunnel junction, and contributes 
only to generating a magnetic field for writing. 
[0113] Thus, one write-in line can be eliminated by in- 
serting the transistor 133, and the number of wired lay- 
ers can be reduced. 40 

(Seventh Embodiment) 

[0114] A seventh embodiment described another 
configuration of the memory device that configures the 45 
circuit described in the fourth embodiment and writing/ 
readout of the information by using the sectional struc- 
ture and schematic circuit diagram shown in FIGS. 18A 
and 18B. In FIGS. 18Aand 18B, Like elements shown 
in FIGS. 15 to 17 are designated by line reference nu- so 
merals, and a detailed description will be omitted. 
[0115] In the seventh embodiment, as shown in FIGS. 
18A and 18B, one of source or drain 131 of the cell se- 
lection transistor 1 1 4 is connected to the recording layer 
1 28 via a cell plate 1 38 and a contact 1 39. This is formed 55 
by providing a hole at the second tunnel barrier 126 and 
second pinned layer 127 shown in FIG. 16, and padding 
the hole with an insulating material. In addition, a non- 



magnetic conductive layer 1 37 can be used. In this case, 
it is required to stack and process a non-magnetlc.con- 
ductive layer. 

[0116] With such a configuration as shown in FIGS. 
18A and 18B, when information is written, a current is 
supplied to the data line 112 and the write-in line 134. 
When a switch transistor 1 33 connected to the data line 
1 1 3 is turned OFF, no tunnel current flows to the double 
tunnel junction 111. The information can be written into 
the recording layer 128 by a composite magnetic field 
for two currents that flow to the data line 112 and the 
write-in line 134. 

[0117] In addition, when stored information is read 
out, the switch transistor 133 shown in FIGS. 18A and 
1 8B is turned ON so that a current flows to the data lines 
112 and 113. If the transistor 114 is turned ON, power 
can be supplied to the double tunnel junction 111. 

(Eight Embodiment) 

[01 1 8] An eight embodiment describes a structure of 
the memory device that configures the circuit described 
in the fifth embodiment and writing/readout of the infor- 
mation with reference to a section structure shown in 
FIG. 19 and a schematic circuit diagram. In FIG. 19, like 
elements shown in FIGS. 15 to 18 are designated by 
like reference numerals, and a detailed description will 
be omitted. 

[01 19] FIG. 19 shows a sectional view of a magnetic 
memory cell according to the ninth embodiment. This 
embodiment is characterized by using a junction type 
diode 151 as a cell selection semiconductor element. A 
double tunnel junction element 111 is vertically inter- 
posed between first and second data lines 112 and 113 
extending in a vertical direction with respect to a sheet 
of the drawing. A recording layer 128 and the diode 151 
are connected to each other by a cell plate 138 and a 
contact 139. The diode 151 is connected to a write line 
134. The rectification direction of the diode 151 can be 
defined depending on the composition of the writing/ 
read out circuitry, as shown in later. The write-in line 1 34 
is perpendicular to the first and second data lines 112 
and 11 3 and also functions as a bit line. The write-in op- 
eration is performed by flowing a signal current through 
the data lines 112 and 113 and the write-in line 137 per- 
pendicular thereto. In this case, the diode prevents the 
writing current from flowing to the double tunnel junction 
element 111. The diode 151 may be formed of an ele- 
ment having a rectifying function such as a pn junction 
diode, a Schottky junction diode, a MIS junction diode 
and the like. 

[0120] In the fifth to seventh and ninth embodiments 
described above, although a double tunnel junction el- 
ement In which layers are formed to be stacked in the 
vertical direction of a substrate face is used for the tun- 
nel junction element in the memory and cell, the tunnel 
junction elements of the present invention are not limited 
thereto, and various modifications can occur. Namely, 
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the present invention is applicable to a double or more 
multiple tunnel element. In addition, there is no need for . 
these layers to be always formed to be stacked. 

(Ninth Embodiment) 

[0121] FIG. 20 shows a sectional view of a magnetic 
memory cell according to the ninth embodiment. 
[0122] A memory cell 201 is fabricated by a first 
pinned layer 121 whose magnetization direction is 
pinned, a first tunnel barrier 122, and a recording layer 
128 formed of a first magnetic layer 123 whose magnet- 
ization direction changes depending on a the magnetic 
field, a non-magnetic conductive layer 124 and a second 
magnetic layer whose magnetization direction changes 
depending on the magnetic field, a second tunnel barrier 
126, and a second pinned layer 127 whose magnetiza- 
tion direction is pinned, which are stacked in this order. 
In other words, the first pinned layer 121, the first tunnel 
barrier 122 and the first magnetic layer form a first tunnel 
junction. The second magnetic layer 125, the second 
tunnel barrier 126 and the second pinned layer 127 form 
a second tunnel junction. The non-magnetic conductive 
layer 1 24 and cell selection transistor 1 31 are connected 
to each other via a cell palate 138 and a contact 139. 
[0123] The first and second data lines 112 and 113 
sandwich vertically the first and second tunnel junctions 
and are perpendicular to a write line 1 34. The write op- 
eration is performed by flowing a writing current to the 
data lines 112 and 113 and the write-in line 137 perpen- 
dicular thereto. In this case, a switch transistor 133 is 
may be provided on the front stage of a sense amplifier 
117 in order to prevent a leakage flowing via the data 
lines 112 and 123. 

[0124] The non-magnetic conductive layer 124 is 
formed of a metal selected from Cu, Ru, Cr, Re and lr 
or an alloy containing Cu, Ru, Cr, Re and lr not less than 
50atom%. 

[0125] In the magnetic memory device of this embod- 
iment, the first magnetic layer 123 connected to the non- *o 
magnetic conductive layer 124 and the second magnet- 
ic layer 125 are formed so as to separated to each other 
by such a distance that the coupling between the mag- 
netic layers goes off. This embodiment differs in function 
from the embodiments of FIGS. 4 to 9. In other words, 45 
this embodiment realizes a differential readout using a 
state wherein one tunnel junction has a low resistance 
and the other tunnel junction has a high resistance by 
controlling independently the switching of magnetiza- 
tion without using the anti-ferromagnetic coupling be- 50 
tween the first and second magnetic layers. 
[0126] In this embodiment, since two tunnel junctions 
are structured in a stack configuration, the area of the 
cell can be greatly reduced. If the wiring line interval is 
F, the cell area is 8 to 12F 2 . 55 



(Tenth Embodiment) 

[0127] FIG. 21 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to a tenth embodiment of the present invention. Like el- 
ements shown in FIG. 1 are designated by line reference 
numerals, and a detailed description is omitted here. 
[0128] In the figure, a region enclosed in the dashed 
line corresponds to a memory cell 201, Two TMR ele- 
ments are connected to independent data lines DL and 
/DL respectively at one end, and are connected to the 
same bit line BL via a cell selection transistor at the other 
end. Independent word lines WL1 to WL4 are disposed 
at selection transistors 31 to 34, respectively, and the 
selection transistors 31 and 32 and the selection tran- 
sistors 33 and 34 share a drain region, respectively. The 
data lines DL and /DL are connected to the current de- 
tection type differential amplifier 401 via the selection 
transistor having a word line DSL, and the bit line BL is 
connected to the bias voltage clamping circuit 420 via 
the selection transistor connected to a word line BSL. 
[0129] In the present embodiment, the present inven- 
tion is characterized in that the adjacent cells share a 
drain region of the selection transistor and a bit line. 
Thus, there is provided an advantage that the number 
of bit lines can be haived by the adjacent cells sharing 
the bit line. 

(Eleventh Embodiment) 

[0130] FIG. 22 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to an eleventh embodiment of the present invention. 
Like elements shown in FIG. 1 are designated by line 
reference numerals, and a detailed description is omit- 
ted here. 

[0131] In the figure, a region enclosed by dashed line 
corresponds to a memory cell 201 . In each cell, the TMR 
elements are connected to data lines DL and /DL at one 
end, and are connected to other bit lines BL1 and BL2, 
respectively, at the other end via a cell selection transis- 
tor. Independent word lines WL1 to WL4 are disposed 
respectively at the selection transistors 31 to 34, and the 
selection transistors 31 and 32 and the selection tran- 
sistors 33 and 34 share a drain region, respectively. The 
data lines DL and /DL are connected to the current de- 
tection type differential amplifier401 via a selection tran- 
sistor having a common word line DSL. 
[0132] The bit lines BL1 and BL2 are connected to bit 
lines CBL1 and CBL2 that run in parallel to the data lines 
DL and /DL. Further, CBL1 and CBL2 are connected to 
the bias voltage clamping circuit 420 via a selection tran- 
sistor having independent word lines BSL1 and BSL2, 
respectively, at the outside of the memory cell array re- 
gion. 

[0133] In the present embodiment, the present inven- 
tion is characterized in that the bit line BL runs while 
crossing the data lines DL and /DL, and is shared by the 
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adjacent memory cell arrays. Further, there is provided 
an advantage that the adjacent memory arrays share 
BL, and finally, the BL is connected to one CBL that runs 
in parallel to the data lines DL and /DL, thereby making 
it possible to reduce the number of lines that run in par- 5 
allel to be superimposed on the data lines DL and /DL, 
and reduce an array area more significantly. In the case 
where the bit line BL and the word line WL run in parallel 
to each other, the bit line BL and the word line WL are 
activated simultaneously, thereby making it possible to 10 
cause memory cells in the row direction to be read out 
simultaneously, i.e., making it possible to execute so 
called, page mode readout. 

(Twelfth Embodiment) 

[0134] FIG. 23 is a view showing an electrical equiv- 
alent circuit of the mag netic memory cell array according 
to a twelfth embodiment of the present invention. Like 
elements shown in FIG. 1 are designated by line refer- 
ence numerals, and a detailed description is omitted 
here. 

[0135] In the figure, a region enclosed in dashed line 
corresponds to a memory cell 201. Two TMR elements 
are connected to independent data lines DL1 and /DL 
respectively at one end, and are connected to the same 
bit line BL1 at the other end via a cell selection transistor. 
In addition, in these memory cells and the memory cells 
adjacent to each other in the word line direction, these 
two TMR elements are connected to the data line DL2 
and /DL, respectively at one end, and are connected to 
the same bit line BL2 at the other end via a cell selection 
transistor. That is, the data line /DL is shared by the ad- 
jacent memory cells in the word line direction. 
[0136] Independent word lines WL1 to WL4 are dis- 
posed at the selection transistors 31 to 34, respectively. 
The data lines DL1 and /DL are connected to the current 
detection type differential amplifier 401 via a selection 
transistor having a common word line DSL1. The data 
line /DL is shared with the adjacent memory cell arrays, 
but has a different selection transistor. The data lines 
DL2 and /DL are connected to the current detection type 
differential amplifier 401 via a selection transistor having 
a common word line DSL2. Here, the data lines DL1 and 
DL2 does not share a word line of a selection transistor 
in order to prevent the leakage through the data line 
DL2. 

[0137] In the present embodiment, the present inven- 
tion is characterized in that the adjacent memory cell 
arrays share a data line /DL. Thus, there is provided an 
advantage that the data lines are shared, thereby mak- 
ing it possible to reduce an array area more significantly. 

(Thirteenth Embodiment) 

55 

[0138] FIG. 24 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to a thirteenth embodiment of the present invention. Like 



elements shown in FIG. 1 are designated by line refer- 
ence numerals, and a detailed description is omitted 
here. 

[0139] In the figure, a region enclosed in dashed line 
corresponds to a memory cell 201. Two TMR elements 
are connected to subsidiary data lines sDL and /sDL, 
respectively, at one end. The other end of each of the 
TMR elements is connected to the same subsidiary bit 
lines sBL via a cell selection transistor. Independent 
word lines WL1 to WL4 are disposed at selection tran- 
sistors 31 to 34, respectively. 

[0140] The subsidiary data lines sDL and /sDL and the 
subsidiary bit line sBL are connected to data lines DL 
and /DL and a bit line BL, respectively, via a selection 
transistor having a common word line SASL. The data 
lines DL and /DL are connected to the current detection 
type differential amplifier 401 via a selection transistor 
having a common word line DSL. In addition, the bit line 
BL is connected to the bias voltage clamping circuit 420 
via a selection transistor having a word line BSL at the 
outside of the memory cell array region. 
[0141] The present embodiment is characterized in 
that a memory cell array is divided in the data line direc- 
tion, thereby forming a subsidiary cell array. Employing 
such arrangement makes it possible to reduce the 
number of memory cells in a cell array without extremely 
increasing the array area. In this manner, there can be 
avoid a problem with the lowering of an output signal 
due to an increased number of memory cells. 

(Fourteenth Embodiment) 

[0142] FIG. 25 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to a fourteenth embodiment of the present invention. 
Like elements shown in FIG. 1 are designated by line 
reference numerals, and a detailed description is omit- 
ted here. 

[0143] In the figure, a region enclosed in dashed line 
corresponds to a memory cell 201, and two TMR ele- 
ments are connected to subsidiary data lines sDL and 
/sDL, respectively at one end. The other end of each the 
TMR elements is connected to the bit line BL via a cell 
selection transistor, and is connected to each of the in- 
dependent bit lines BL1 to BL4 in each of the memory 
cell arranged in the data line direction. 
[0144] Independent word lines WL1 to WL4 are dis- 
posed at the selection transistors 31 to 34, respectively. 
The subsidiary data lines sDL and /sDL are connected 
to data lines DL and /DL, respectively, via a selection 
transistor having a common word line SASL. The data 
lines DL and /DL are connected to the current detection 
type differential amplifier 401 via a selection transistor 
having a common word line DSL. 
[0145] In the present embodiment, the present inven- 
tion is characterized in that a bit line BL runs while cross- 
ing the data lines DL and /DL, and the bit line BL is com- 
patible with a write line. 
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(Fifteenth Embodiment) 

[0146] FIG. 26 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to a fifteenth embodiment of the present invention. Like 5 
elements shown in FIG. 1 are designated by line refer- 
ence numerals, and a detailed description is omitted 
here. 

[0147] In the figure, a region enclosed by dashed line 
corresponds to a memory cell 201. In each memory cell, 10 
one end of one TMR element is connected to each of 
the data lines DLR1 to DLR4, and one end of the other 
TMR element is connected to the same data line DLC. 
Further, the other end of each of the TMR elements is 
connected to the same bit line BL via a cell selection 15 
transistor. Independent word lines WL1 to WL4 are dis- 
posed to the cell selection transistor 31 to 34, respec- 
tively. The bit line BL is connected to the bias voltage 
clamping circuit 420 via a selection transistor having a 
word line BSL at the outside of the memory cell array 20 
region. 

[0148] In the present embodiment, the present inven- 
tion is characterized in that data line pairs DLR and DLC 
run while crossing each other, and the BL runs while 
crossing the WL similarly. In addition, a bit line is not 25 
shared in the word line direction. Thus, cell selection 
during readout can be uniquely performed by controlling 
potentials of the BL and WL, and a bias voltage is ap- 
plied to only a selection cell. Further, the data line pairs 
DLR and DLC cross each other, and thus, are not short- 30 
circuited by an unselected cell. Therefore, operation 
with stability and high power consumption efficiency can 
be expected. 

(Sixteenth Embodiment) 35 

[0149] FIG. 27 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to a sixteenth embodiment of the present invention. Like 
elements shown in FIG. 1 are designated by line refer- *o 
ence numerals, and a detailed description is omitted 
here. 

[01 50] In the figure, a region enclosed by dashed line 
corresponds to a memory cell 201 . Two TMR elements 
are connected to data lines DL and /DL, respectively, at 45 
one end, and are connected to the same, bit line BL at 
the other end via a cell selection transistor. Independent 
word lines WL1 to WL4 are disposed at the selection 
transistors 31 to 34, respectively. The data lines DL and 
/DL are connected to the bias voltage clamping circuit 50 
420 and the current detection type differential amplifier 
401 via a selection transistor having a common word 
line DSL. In addition, a bit line BL is grounded. 
[01 51] In the present embodiment, the present inven- 
tion is characterized in that the bit line BL is low in po- 55 
tential relevant to the data lines DL and /DL, and a cur- 
rent flows the bit line BL from the data lines DL and /DL 
via the selection transistor. In FIG. 29, although a bit line 



potential is defined as a grounded potential, the poten- 
tial may be set to an arbitrary voltage in a range in which 
the bit line potential does not exceed a data line pbten^ 
tial. In addition, in the present embodiment, the poten- 
tials of the data lines DL and /DL are required to be com- 
pletely equal to each other. This can be easily achieved 
by a bias voltage clamping circuit or similar technique 
as illustrated. 

(Sixteenth Embodiment) 

[0152] FIG. 28 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to a sixteenth embodiment of the present invention. Like 
elements shown in FIG. 1 are designated by line refer- 
ence numerals, and a detailed description is omitted 
here. 

[01 53] In the figure, a region enclosed by dashed line 
corresponds to a memory cell 201, and two TMR ele- 
ments are connected to independent data lines DL and 
/DL, respectively, at one end. The other end of each of 
the TMR elements is connected to a bit line via a cell 
selection transistor, and is connected to each of the in- 
dependent bit lines BL1 to BL4 arranged in the data line 
direction. Independent word lines WL1 to WL4 are dis- 
posed at the selection transistors 31 to 34, respectively. 
The data line DL is connected to the bias voltage clamp- 
ing circuit 420 via a selection transistor having a word 
line DSL, and the data line /DL is grounded. The bit lines 
BL1 to BL4 are connected to their different differential 
sense amplifiers SA, respectively. 
[0154] Next, an operation of this circuit will be de- 
scribed by exemplifying the memory cell 201 . Now, con- 
sider a case in which the magnetization configurations 
of the recording layer and pinned layer of the TMR ele- 
ment 1 1 are parallel to each other, and those of the TMR 
element 21 is anti-parallel to each other (record infor- 
mation n V). In an initial state, the potentials of the WL1 
and DSL1 are 0. Then, the potential of the DSL1 is de- 
fined as VDD, WL1 is defined as VDD while V blas is ap- 
plied to the DL, thereby making the selection transistor 
31 electrically conductive. When the resistance value of 
the TMR element 11 is defined as R (1 - MR / 2), and 
the resistance value of the TMR element 12 is defined 
as R (1 + MR / 2), the value of a voltage to be induced 
to the BL is obtained as follows. 

Vi=V bias /2x(1+MR/2) (16) 

[0155] On the other hand, in the case of record infor- 
mation "0", i.e., in the case where the magnetization 
configuration of the TMR element 11 enters an anti-par- 
allel state, and that of the TMR element 21 enters a par- 
allel state, the value of a voltage induced to the BL is 
obtained as follows. 
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V 0 =V bias /2x(1-MR/2) (17) 

[0156] Therefore, for example, when a reference volt- 
age of a differential sense amplifier is set to V REF = V bjas 
/ 2, by comparing the signal voltage of the BL with the 
reference voltage, the stored information can be dis- 
criminated. 

[0157] In this reading method, a ratio of the divided 
voltages due to the two TMR elements is detected, and 
thus, the following advantages are provided. 

(1) There is no dependence on a value of a current 
that flows a TMR element. That is, even if the 
number of memory cells in a memory cell array is 
changed, and an impedance between the data lines 
DL and /DL changes, an output is not affected. 

(2) A bias voltage can be divided by two TMR ele- 
ments, and the reduction of the magnetoresistance 
ratio depending on the applied voltage can be mit- 
igated. 

(3) Almost no current flows a bit line, and the dis- 
persion in characteristics of selection semiconduc- 
tor elements, in particular, the dispersion in a 
source/drain resistance can be ignored. 

(Eighteenth Embodiment) 

[0158] FIG. 29 is a view showing an electrical equiv- 
alence circuit of a magnetic memory cell array according 
to an eighteenth embodiment of the present invention. 
Like elements shown in FIG. 1 are designated by like 
reference numerals, and a detailed description is omit- 
ted here. 

[0159] In the figure, a region enclosed in dotted line 
corresponds to a memory cell 201. Two TMR elements 
each are connected to a respective one of data lines DL 
and /DL at one end, and are connected to the same bit 
line BL at the other end via a cell selection transistor 31 . 
Independent word lines WL1 to WL4 are disposed at se- 
lection transistors 31 to 34. The data line DL is connect- 
ed to a bias voltage clamping circuit 420 via the selection 
transistors each having a word line DSL, and the data 
line /DL is grounded. The bit line BL is connected to a 
differential sense amplifier SA via the selection transis- 
tor connected to the word line BSL. 
[0160] In the present embodiment, the bit line BL is 
shared by a plurality of memory cells, thus making it pos- 
sible to reduce an array area more significantly. 

(Nineteenth Embodiment) 

[0161] FIG. 30 is a view showing an electronic equiv- 
alence circuit of a magnetic memory cell array according 
to a nineteenth embodiment of the present invention. 
Like elements shown in FIG. 1 are designated by like 
reference numerals, and a detailed description is omit- 



ted here. 

[0162] The present embodiment is basically the same 
as the seventeenth and eighteenth embodiments in 
memory cell array structure. However, the bit line BL is 
divided into a subsidiary bit line sBL via a current con- 
verting circuit/and a fluctuation of the sBL voltage gen- 
erated by readout operation is transferred as a current 
difference to a main amplifier SA at the subsequent 
stage through the bit line BL by means of the current 
converting circuit. In the present embodiment, the float- 
ing capacity and wiring resistance can be reduced by 
shorting a length of the bit BL, and fast operation can 
be achieved by reducing a bit line delay. 



[0163] FIG. 31 is a view showing an electrical equiv- 
alence circuit of a magnetic memory cell array according 
to a twenty embodiment of the present invention. Like 
elements shown in FIG. 1 are designated by like refer- 
ence numerals, and a detailed description is omitted 
here. 

[0164] In the figure, a region enclosed in dashed line 
corresponds to a memory cell 201 , and two tMR ele- 
ments are connected to a respective one of the data 
lines DL and /DL at one end. The other end of each of 
the TMR elements is connected to the bit line BL via the 
cell selection diode element 31, and is connected to a 
respective independent one of bit lines BL1 to BL4 via 
a memory cell arrayed in the data line direction. The data 
line DL is connected to a bias voltage clamping circuit 
420 via the selection transistors each having the word 
line DSL, and the data line /DL is grounded. The bit line 
BL is grounded via the selection transistors connected 
to a load resistance and a word line BSL. 
[0165] In the present embodiment, the threshold volt- 
age in forward direction of the diode is utilized for cell 
selection. That is, a value of the threshold voltage in for- 
ward direction of the diode is defined as V T0 , and it is 
assumed that V TO < V 0 is met. Here, when a potential 
difference V is applied to specific data lines DL and /DL, 
a voltage of V 0 - V T0 or V 1 - V T0 is applied to the sense 
amplifier connected to the bit line group that crosses the 
data lines DL and /DL. Therefore, stored information can 
be read out by discriminating its magnitude. 
[0166] As diode elements for cell selection in the 
present embodiment, there can be employed a junction 
type pn-diode, Schottky diode, or MIS diode; and an n- 
type MOS transistor having a drain/gate terminal short- 
circuited as shown in FIG. 32. In general, in a magnetic 
memory device, a MOS transistor is frequently used. A 
redundant element separation region is required for 
forming the pn-diode at a semiconductor portion, which 
leads to an increased cell area. A diode using an nMOS 
transistor does not cause such a problem, which is a 
preferred embodiment. 
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(Twenty-First Embodiment) 

[0167] FIG. 33 is a view showing an electrical equiv- : 
alence circuit of a magnetic memory cell array according 
to a twenty-first embodiment of the present invention. 5 
Like elements shown in FIG. 1 are designated by like 
reference numerals, and a detailed description is omit- 
ted here. 

[0168] tn the figure, a region enclosed in dashed line 
corresponds to a memory cell 201, and two TMR ele- 
ments are connected to a respective one of the data 
lines DL and /DL at one end. The other end of each of 
the TMR elements is connected to a bit line BL via a cell 
selection diode element 31, and is connected to a re- 
spective independent one of the bit lines BL1 to BL4 via 
memory cells arrayed in the data line direction. The data 
line DL is connected to a bias voltage clamping circuit 
420 via the selection transistors each having the word 
line DSL, and the data line /DL is grounded. The bit line 
BL is connected to an offset voltage circuit 430 and a 
current sense amplifier 402. 

[0169] In FIG. 34, in the present embodiment, a cur- 
rent that flows to a bit line is measured as a function of 
an offset voltage V off . Two curves designate currents l 0 
and l t that correspond stored information "1" and "0", 
respectively. A region in which only l 0 is substantially 
equal to 0 exists in the vicinity of V off = 500 mV. In this 
region, a value of l t / 1 2 is very large, which is very ad- 
vantageous in the practical point of view. 
[01 70] A change of l 0 and ^ according to such stored 
information can be achieved by combining a voltage 
change according to the stored information with a strong 
non-linearity in the vicinity of the threshold voltage V T0 
of the diode. In general, the magnitude of V T0 jn the di- 
ode is determined depending on the manufacturing 
method. Therefore, as in the present embodiment, a 
method of applying an offset voltage is a preferred em- 
bodiment. 

(Twenty-Second Embodiment) 

[0171] FIG. 35 is a view showing an electrical equiv- 
alence circuit of a magnetic memory cell array according 
to a twenty-second embodiment of the present inven- 
tion, 

[01 72] In the figure, a region enclosed in dash line cor- 
responds to one memory cell 201. In this memory cell 
201, the TMR elements 11 and 21 each are connected 
to a respective independent one of the data lines 41 and 
42 at one end, and the other end of each of the TMR 
elements 11 and 21 are connected in common to a cell 
selection transistor 32. 

[0173] In addition, in each memory cell, independent 
word lines 301 to 304 are disposed respectively at the 
cell selection transistors 31 to 34. One end of each of 55 
the data lines 41 and 42 is connected to a respective 
one of constant current sources 401 and 402, and the 
other end is connected to a sense amplifier 404. A com- 



mon word line 403 is disposed at a MOS transistor that 
configures the constant voltage sources 401 and 402. 
The sense amplifier 404 is a voltage latch type flip flop 
amplifier, and has a common source terminal 405 and 
a data terminal 406. 

[0174] Next, a method of reading out information in 
the magnetic memory cell array according to the present 
invention will be described in detail. 
[0175] FIG. 36 shows a change when there are read 
potential WL of the word line 302 of the cell selection 
transistor 32; a potential DLW of the word line 403 con- 
nected to the constant current sources 401 and 402; po- 
tentials of the data lines 41 and 42 (DL and /DL); and a 
potential SS of the common source terminal 405 of the 
sense amplifier 404 by taking a time axis as a horizontal 
axis. 

[0176] Now, consider a case in which magnetization 
of the recording layer of the TMR element 11 is anti-par- 
allel to that of the pinned layer (record information "1"). 
In an initial state, the potentials of the word line WL of 
the cell selection transistor 32 and word line DLW that 
controls the constant current sources 401 and 402 are 
defined as 0, and a potential of the common source ter- 
minal of the sense amplifier 404 is defined as VD. In this 
state, the data lines 41 and 42 are at floating potentials, 
and the sense amplifier 404 is separated from the data 
lines 41 and 42. 

[0177] Next, a high potential V s is applied to DLW after 
WL has been defined as a high potential V^, and the 
cell selection transistor 32 has been conductive. In this 
manner, a sense current l s equal to the TMR elements 
11 and 21 flows via the data lines 41 and 42. When a 
voltage fall in cell selection transistor 32 is defined as 
Vr, the potentials of the data lines 41 and 42 are as fol- 
lows. 

DL = VD = (R + AR) X l s + Vr 

/ DL = VD* = Rx l s +Vr (18) 

That is, 

AV=ARXI S (19) 

is obtained as a differential voltage of the data lines 41 
and 42. 

[0178] Next, in this state, a readout pulse that chang- 
es from VD to 0 is applied to the common source termi- 
nal 405 of the sense amplifier 404 as illustrated. If a po- 
tential difference between DL and SS exceeds a thresh- 
old potential Vth of a transistor, the transistor connected 
to the data line 42 with a low potential starts discharging. 
As a result, the data line 41 maintains an initial potential 
Vd, and the other data line 42 is latched by 0V. 
[0179] In the case of record information "0", the mag- 
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netization of the record layer of the TMR element 11 is 
parallel to that of the pinned layer, and the data line 11 
is at a* low potential while a sense current is supplied. 
Thus, when a readout pulse is applied, the data line 41 
is latched by 0V. Therefore, a pulse is applied to the 5 
common source terminal 405, after a certain period has 
passed, a voltage D of the data line 41. is acquired by 
using the terminal 406 of the sense amplifier, whereby 
readout is performed. After data readout, the potential 
of each terminal is restored to an initial state as illustrat- 10 
ed, whereby the latch of the sense amplifier 404 is reset, 
and readout operation completes. 
[0180] In the configuration of the present embodi- 
ment, the magnitude $ of the readout pulse applied to 
the common source terminal 405 of the sense amplifier 15 
404 must be 

VD' =i <(> =i VD 

20 

That is, a margin relevant to the pulse magnitude corre- 
sponds to about a differential voltage between the data 
lines during readout. In order to stabilize an operation 
of this portion, there may be provided (1) a voltage am- 
plifying circuit at the front stage of the sense amplifier; 25 
and (2) a circuit for compensation for dispersion be- 
tween VD and VD' or the like. Although a flip-flop ampli- 
fier is employed in the present embodiment, another 
amplifying circuit, for example, a current mirror amplifier 
may be employed for the sense amplifier. 
[0181] FIG. 37 is a view schematically showing the 
entire configuration of the magnetic memory cell array 
according to the present embodiment. A memory cell 
array including memory cells arranged in a two-dimen- 
sional manner; data line groups connected to these 
memory cells; word line groups; and write line groups 
crossing in the vicinity of memory cells. Write lines RWL 
and CWL in pair are connected to a column decoder and 
a row decoder, thereby enabling selective writing that 
corresponds to external address input. 
[0182] On the other hand, the word line DWL for driv- 
ing data line pairs DL and /DL and a word line WL for 
driving the cell selection transistor orthogonal to these 
word lines are connected to the column decoder and the 
row decoder, respectively, thereby enabling selective 
readout that corresponds to external address input. The 
sense amplifier SA is provided at each data line pair, 
and is driven by a common word line SS. Then, readout 
data is read out via the common data line D. 
[0183] In this manner, in the present embodiment, one 
memory cell (for example, 201) is fabricated by two TMR 
elements (for example, 11 and 12), and memory cells 
are disposed respectively at a cross portion between 
each of the write lines 51a and 51b disposed in parallel 
to each other and the write line 52 orthogonal to these 
write lines. Thus, a current is supplied to the write lines 
51 a and 51 b and the write line 52, whereby data can be 
selectively written into an arbitrary memory cell. 



[0184] The directions of currents that flow through the 
write lines 51a and 51b are opposite to each other, and 
the magnetization directions of the recording layers 101 
of the two TMR elements 11 and 12 that configure one 
memory cell 201 are anti-parallel to each other. Thus, 
during information readout operation, a difference be- 
tween the outputs of the TMR elements 11 and 12 is 
acquired, whereby a differential signal that is greater 
than that of prior art can be obtained. In addition, the 
TMR elements 11 and 21 share the same cell selection 
transistor 32, making it possible to completely eliminate 
an offset of the output signal caused by a dispersion in 
transistor characteristics. 

[0185] Therefore, according to the present embodi- 
ment, the cell output signal during readout operation can 
be increased, and a signal-noise ratio can be improved 
without causing any increase in power consumption and 
in the settling time during readout. Thus, low power con- 
sumption can be compatible with fast readout proper- 
ties. 

[0186] As described above in detail, use of the mag- 
netic memory cell array structure of the present inven- 
tion makes it possible to achieve significantly higher out- 
put and lower noise than a case using prior art during 
information readout. Therefore, a solid magnetic mem- 
ory device compatible with low power consumption and 
fast readout properties can be provided. 



30 Claims 

1. A magnetic memory device characterized by com- 
prising: 

35 a memory cell assembled by first and second 

tunnel junction portions (11, 21) and a cell se- 
lection semiconductor element (31), each of 
said first and second tunnel junction portions 
being formed of a stack of a pinned layer (103) 
40 in which a magnetization direction is fixed and 

a recording layer (101) in which a magnetiza- 
tion direction changes depending on an exter- 
nal magnetic field, said stack having single or 
multiple tunnel junctions, said first tunnel junc- 
45 tion section having a first end and a second end 

opposed to each other in the stacking direction, 
said second tunnel junction portion having a 
third end and a fourth end opposed to each oth- 
er in the stacking direction; 
so a first data line (DL) connected to said first end 

of said first tunnel junction section; 
a second data line (/DL) connected to said third 
end of said second tunnel junction section; and 
a bit line (BL) connected to said second end of 
55 said first tunnel junction portion and said fourth 

end of said second tunnel junction section via 
said cell selection semiconductor element. 
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2. A magnetic memory device according to claim 1, 
characterized by further comprising: 

a first write line (51a) disposed at said first end 
of said first tunnel junction section; 5 
a second write line (51b) disposed at said third 
end of said second tunnel junction section; and 
a third write line (52) disposed at said first end 
or said second end of said first tunnel junction 
section and at said third end or said fourth end 10 
of said second tunnel junction portion. 

3. A magnetic memory device according to claim 2, 
characterized in that said first tunnel junction sec- 
tion (11) is disposed in the same plane as that of *5 
said second tunnel junction section (21), said first 
write line (51a) is disposed in parallel to said second 
write line (51b) in the same plane, and said third 
write line (52) crosses the second write line in the 
vicinity of said first and second tunnel junction sec- 20 
tions, and a current direction that flows said first 
write line is opposite to a current direction that flows 
said second write line. 

4. A magnetic memory device according to claim 2, 25 
characterized in that said first tunnel junction sec- 
tion (11) is disposed in a direction vertical to said 
second tunnel junction section (21), said first write 
line (51a) and said second write line (51b) are dis- 
posed in parallel in a vertical direction, and said third 30 
write line (52) crosses the second write line in the 
vicinity of said first and second tunnel junction sec- 
tions, and a current direction that flows said first 
write line is opposite to a current direction that flows 
said second write line. 35 

5. A magnetic memory device according to claim 1, 
characterized in that said first and second tunnel 
junction sections (11, 21) are equal to each other in 

a resistance value and a magneto resistance ratio, *o 
and have magnetization directions of said recording 
layers in said sections which are always kept in an 
anti-parallel each other. 

6. A magnetic memory device according to claim 1, 
characterized in that one of said first tunnel junction 
section (102) and said second tunnel junction sec- 
tion (102') has a resistance lower than the other. 

7. A magnetic memory device according to claim 1, so 
characterized in that, when a potential difference is 
applied between each of said first data line (DL) 
connected to said first tunnel junction section (11) 
and said second data line (/DL) connected to said 
second tunnel junction section and said bit line (BL), 55 
the magnitudes of qualities of currents that flow said * 
first and second data lines are compared with each 
other, to discriminate the stored information. 



8. A magnetic memory device according to claim 1, 
characterized in that, when a potential difference is 
applied between said first data line connected to 
said first tunnel junction section (11) and said sec- 
ond data line (/DL) connected to said second tunnel 
junction section (DL), a reference potential and a 
voltage that appears in said bit line (BL) are com- 
pared with each other, to discriminate the stored in- 
formation. 

9. A magnetic memory device characterized by com- 
prising: 

a magnetic memory eel! array comprised of a 
plurality of divided memory cell arrays each 
having a plurality of magnetic memory cells 
(201), 

first and second data lines (DL, /DL), 

a plurality of word lines (WL1 to WL4) crossing 

said first and/or second data lines, and 

a plurality of bit lines crossing said first and/or 

second data lines, 

wherein each of said magnetic memory cells is 
fabricated by first and second tunnel junction 
sections (11 , 21) and a cell selection semicon- 
ductor element (31, 32, ...), each of said first 
and second tunnel junction sections being 
formed of a stack of a pinned layer having a 
magnetization direction fixed and a recording 
layer in which a magnetic direction changes de- 
pending on an' external magnetic field, said 
stack has single or multiple tunnel junctions, 
said first tunnel junction section (11) has a first 
end and a second end opposite to each other 
in the stacking direction, said second tunnel 
junction section (21) has a third end and a 
fourth end opposite to each other in the stack- 
ing direction, said first end of said first tunnel 
junction section is connected to said first data 
. line, said third end of said second tunnel junc- 
tion section is connected to said second data 
line, said second end of said first tunnel junction 
section and said fourth end of said second tun- 
nel junction section are connected to said bit 
line via said cell selection semiconductor ele- 
ment. 

10. A magnetic memory device according to claim 9, 
characterized in that said first and second data lines 
are divided in a plurality of first and second subsid- 
iary data lines (sDL, /sDL), and said first end of said 
first tunnel junction section (11) of each of said di- 
vided memory arrays is connected to a correspond- 
ing one of said first subsidiary data lines and said 
third end of said second tunnel junction section (21) 
of each of said divided memory arrays is connected 
to a corresponding one of said second subsidiary 
data lines. 
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11. A magnetic memory device according to claim 9, 
characterized in that said first and second data lines 
(DL, /DL) are arranged in parallel. 

12. A magnetic memory device according to claim 9, 5 
characterized in that said first and second data lines 
(DL, /DL) cross to each other. 

13. A magnetic memory device characterized by com- 
prising: 10 

a magnetic memory cell array comprised of a 
plurality of divided memory cell arrays, each 
having a plurality of magnetic memory cells, 
first and second data lines (DL, /DL), « 
a plurality of word lines (WL1 to WL4) crossing 
said first and/or second data lines, 
a plurality of bit lines (BL) arranged in parallel 
with said first and/or second data lines, 
wherein each of said mag netic memory cells is 20 
fabricated by first and second tunnel junction 
sections (11, 21) and a cell selection semicon- 
ductor element (31, 32, ...), each of said first 
and second tunnel junction portions is formed 
of a stack of a pinned layer having a magnet'h 25 
zation direction fixed and a record layer in 
which a magnetic direction changes depending 
on an external magnetic field, said stack has 
single or multiple tunnel junctions, said first tun- 
nel junction section has a first end and a second 30 
end opposite to each other in the stacking di- 
rection, said second tunnel junction portion has 
a third end and a fourth end opposite to each 
other in the stacking direction, said first end of 
said first tunnel junction section is connected to 35 
said first data line, said third end of said second 
tunnel junction section is connected to said sec- 
ond data line, said second end of said first.tun- 
nel junction portion and said fourth end of said 
second tunnel junction portion are connected *o 
to said bit line via said cell selection semicon- 
ductor element. 

14. A magnetic memory device according to claim 13, 
characterized in that said first and second data lines 45 
are divided in a plurality of first and second subsid- 
iary data lines (sDL, /sDL), and said first end of said 
first tunnel junction section (11) of each of said di- 
vided memory arrays is connected to a correspond- 
ing one of said first subsidiary data lines and said so 
third end of said second tunnel junction section (21) 

of each of said divided memory arrays is connected 
to a corresponding one of said second subsidiary 
data lines. 

55 

15. A magnetic memory device according to claim 13, 
characterized in that said first and second data lines 
(DL, /DL) are arranged in parallel. 



16. A magnetic memory device according to claim 13, 
said first and second data lines (DL, /DL) cross to 
each other. 

17. A magnetic memory device characterized by com- 
prising: 

a magnetic memory cell array comprised of a 
plurality of divided memory cell arrays, each of 
said divided merhory cell arrays being fabricat- 
ed by a plurality of magnetic memory cells 
(201), . first and second subsidiary data lines 
(DL, /DL) disposed in parallel to each other, a 
plurality of word lines (WL1 to WL4) crossing 
said first and/or second data lines, and a plu- 
rality of subsidiary bit lines (BL1 to BL4) parallel 
to said first and second data lines, 
wherein each of said magnetic memory cells is 
formed of first and second tunnel junction sec- 
tion (11 , 21) and a cell selection semiconductor 
element (31, 32, ...), each of said first and sec- 
ond tunnel junction section comprises a stack 
of a pinned layer having a magnetization layer 
pinned therein and a record layer in which a 
magnetization direction changes depending on 
an external magnetization field, said first tunnel 
junction section has a first end and a second 
end opposite to each other in the stacking di- 
rection, said second tunnel junction section has 
a third end and a fourth end opposite to each 
other in the stacking direction, said first end of 
said first tunnel junction section is connected to 
said first subsidiary data line, said third end of 
said second tunnel junction section is connect- 
ed to said second subsidiary data line, said sec- 
ond end of said first tunnel junction portion and 
said fourth end of said second tunnel junction 
section are connected to a corresponding one 
of said subsidiary bit lines, said magnetic mem- 
ory device has a plurality of selection transis- 
tors for selectively connecting said first and 
second subsidiary data lines, said subsidiary bit 
lines, first and second data lines, and a bit line. 

18. A magnetic memory device according to claim 17, 
characterized in that said semiconductor element 
(31 , 32, ...) is formed of a diode, and when a poten- 
tial difference is applied between said first data line 
(/DL) connected to said first tunnel junction section 
(11) and said second data line (DL) connected to 
said second tunnel junction section (21) via said di- 
ode, the magnitudes relevant to a reference poten- 
tial of a voltage that appears in said bit line are com- 
pared with each other, to discriminate the stored in- 
formation. 

19. A magnetic memory device characterized by com- 
prising: 
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a magnetic memory cell array comprised of a 
: plurality of divided memory cell arrays each 
having a plurality of magnetic memory cells 
(201), 

first and second data lines (DL, /DL) crossing 
to each other; 

a plurality of word lines (WL1 to WL4) and a 
plurality of bit lines (BL1 to BL4) crossing to 
each other; 

wherein each of said magnetic memory cells is 
fabricated by first and second tunnel junction 
sections (11 , 21) and a cell selection semicon- 
ductor element (31, 32, ...), each of said first 
and second tunnel junction sections being 
formed of a stack of a pinned layer having a 
magnetization direction pinned therein and a 
record layer in which a magnetic direction 
changes depending on an external magnetic 
field, said stack has single or multiple tunnel 
junctions, said first tunnel junction portion has 
a first end and a second end opposite to each 
other in the stacking direction, said second tun- 
nel junction portion has a third end and a fourth 
end opposite to each other in the stacking di- 
rection, said first end of said first tunnel junction 
section is connected to said first data line, said 
third end of said second tunnel junction section 
is connected to said second data line, said sec- 
ond end of said first tunnel junction section and 
said fourth end of said second tunnel junction 
section are connected to said bit line via said 
cell selection semiconductor element. 

20. A magnetic memory device according to claim 19, 
characterized in that said first and second data lines 
(DL, /DL) are divided in a plurality of first and second 
subsidiary data lines (sDL, /sDL), and said first end 
of said first tunnel junction section (11) of each of 
said divided memory arrays is connected to a cor- 
responding one of said first subsidiary data lines 
and said third end of said second tunnel junction 
section (21) of each of said divided memory arrays 
is connected to a corresponding one of said second 
subsidiary data lines. 

21 . A magnetic memory device comprising: 

a tunnel junction section including: 

a stack of a first pinned layer (121) having a 
magnetization direction fixed, a first tunnel bar- 
rier (122) adjacent to said first pinned layer, a 
first magnetic layer (123) which is opposite to 
said first pinned layer via said first tunnel barrier 
and in which a magnetization direction changes 
depending on an external magnetic field, a sec- 
ond magnetic layer (125) which is anti-ferro- 
rnagnetically coupled to said first ferromagnetic 
layer and in which a magnetization direction 



changes depending on the external majgnetic 
field, and a non-magnetic conductive layer 
(124) interposed between said first and second 
magnetic layers, for anti-ferromagnetically cou- 
5 pling between said first and second magnetic 

layers, 

a second tunnel barrier (126) adjacent to said 
second magnetic layer and 
a second pinned layer (127) opposite to said 
10 second magnetic layer via said second tunnel 

barrier and 

a detection section configured to detect a cur- 
rent difference between a first tunnel current 
flowing across said first magnetic layer and said 
15 first pinned layer and a second tunnel current 

flowing across said second magnetic layer and 
said second pinned layer or a load voltage dif- 
ference in a differential scheme. 

20 22. A magnetic memory device characterized by com- 
prising: 



a tunnel junction including: 

a stack of a first pinned layer (121) having 
a magnetization direction fixed, a first tun- 
nel barrier (122) adjacent to said first 
pinned layer, a first magnetic layer (123) 
which is opposite to said first pinned layer 
via said first tunnel barrier and in which a 
magnetization direction changes depend- 
ing on an external magnetic field, a second 
magnetic layer (125) which is anti-ferrc- 
magnetically coupled to said first ferromag- 
netic layer and in which a magnetization di- 
rection changes depending on the external 
magnetic field, and a non-magnetic con- 
ductive layer (124) interposed between 
said first and second magnetic layers, 
a second tunnel barrier (126) adjacent to 
said second magnetic layer and 
a second pinned layer (127) opposite to 
said second magnetic layer via said sec- 
ond tunnel barrier, 

a bit line (BL) electrically connected to all or ei- 
ther of said first magnetic layer, said non-mag- 
netic conductive layer, and said second mag- 
netic layer; 

a first data line (DL) electrically connected to 
said first pinned layer; and 
a second data line (/DL) electrically connected 
to said second pinned layer. 

23. A magnetic memory device according to claim 22, 
characterized by further comprising a detection 
section (401) configured to detect a current differ- 
ence between a first tunnel current flowing across 
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said first magnetic layer (128) and said first pinned 
layer (121) and a second tunnel current flowing 
across said second magnetic layer and said second 
pinned layer (127) or a load voltage difference in a 
differential scheme. 5 

24. A magnetic memory device according to claim 22, 
which includes an electrode layer formed on one of 
said first pinned layer (121) and said second pinned 
layer (1 27) which is separated from a main surface 10 
of a substrate, for electrically connecting said bit line 
and all or either of said first magnetic layer, said 
non-magnetic conductive layer, and said second 
magnetic layer. 

15 

25. A magnetic memory device according to claim 22, 
characterized in that said first and second ferro- 
magnetic layers (123, 125) differ in thickness from 
each other. 

20 

26. A magnetic memory device according to claim 22, 
characterized in that said first and second ferro- 
magnetic layers (123, 125) are made of magnetic 
materials different from each other in magnetic mo- 
ment, respectively. 25 
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(57) A magnetic memory device comprises a mem- 
ory cell assembled by first and second tunnel junction 
portions (11, 21) and a switch (31), each of the first and 
second tunnel junction portions being formed of a stack 
of a pinned layer in which a magnetization direction is 
fixed and a record layer in which a magnetization direc- 
tion changes depending on an external magnetic field. 
A first data line (DL) is connected to a first end of the 
first tunnel junction portion. A second data line (/DL) is 
connected to the first end of the second tunnel junction 
portion. A bit line (BL) is connected to the second end 
of the first tunnel junction portion and the second end of 
the second tunnel junction portion via the switch. 
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Description 

[0001 J The present invention relates to an information 
recording technique using a ferromagnetic material, 
particularly to a magnetic memory device utilizing mag- 5 
netic tunnel junction. 

[0002] A magnetic random access memory (hereinaf- 
ter, abbreviated as MRAM) is a type of a solid state 
memory that can rewrite, hold, and read out record in- 
formation anytime by utilizing a magnetization direction 
of the ferromagnetic material as an information record- 
ing medium. This MRAM records information by corre- 
sponding binary coded information T and "0" whether 
the magnetization direction of the ferromagnetic mate- 
rial is parallel to or anti-parallel to a reference direction. 
[0003] Recording information is written by switching 
the magnetization direction of the ferromagnetic mate- 
rial of each cell by a magnetic field generated by sup- 
plying a current to a write line disposed in a cross stripe 
shape. The power consumption during storing is princi- 
pally zero. 

[0004] Stored information is read out by utilizing a 
phenomenon in which the electric resistance of a mem- 
ory cell changes depending on a relative angle between 
the magnetization direction of the ferromagnetic mate- 
rial that configures cells and a direction of a sense cur- 
rent or depending on a relative angle of magnetization 
between a plurality of ferromagnetic layers, so called the 
magnetoresistance effect. 

[0005] The MRAM has the following advantages in 
comparison with a conventional semiconductor memo- 
ry. 

(a) Completely non-volatile. 10 15 or more endur- 
ance cycles are possible. 

(b) Nondestructive readout is possible, and refresh 
operation is not required, thus making it possible to 
reduce a readout cycle. 

(c) The durability against radiation is strong in com- 
parison with a charge storage type memory cell. 

[0006] The degree of integration per a unit area for 
the MRAM and the write and readout times are expected 
to be approximately equal to those of the DRAM. There- 
fore, it is further expected to apply the MRAM to an ex- 
ternal memory device for a portable digital audio instru- 
ment, a wireless IC card, and a mobile personal com- 
puter (PC) by utilizing significant non-volatile character- 
istics. 

[0007] In an MRAM having its recording capacity of 1 
Mb that is currently discussed for practical use, a Giant 
Magnetoresistance (hereinafter, abbreviated as a GMR 
effect) is employed for reading out stored information. 
[0008] Yamane H et al "Differential Type Giant Mag- 
netoresistive Memory Using Spin-Valve Film With A Nio 
Pinning Layer", Journal of Applied Physics, American 
Institute of Physics, New York, US, vol. 83, no. 9, 1 May 
1998, pages 4862-4868 describes a GMR memory de- 



vice of a differential type, which includes two storage 
elements juxtaposed to each other. 
[0009] JP 05 101683 A discloses a one-bit two tran- 
sistor two-memory cell configuration. 
[0010] EP A 0 959 475 discloses a layered thin film 
memory in which recorded information is reproduced 
using a GMR effect. 

[001 1] US A 5 940 319 discloses a magnetic RAM de- 
vice with control circuitry which is integrated on a sub- 
strate and coupled to a magnetic memory element via 
digit lines and bit lines. 

[0012] A further example of such an MRAM cell using 
an element that indicates the GMR effect (hereinafter, 
abbreviated as the GMR element), is disclosed in IEEE 
Trans. Mag., 33,3289 (1997)). 
[0013] A value of the GMR effect of thetri-layered film 
made of a non-coupling NiFe/Cu/Co is about 6% to 8%. 
For example, in the aforementioned MRAM cell using 
the PseudoSpin-Valve structure, the distribution of the 
magnetic direction during readout of recorded informa- 
tion is controlled, whereby the resistance change of 5% 
or more is effectively obtained. However, in general, the 
sheet resistance of the GMR element is about some 
tens Q/u.m 2 . Therefore, even in the case where the 
sheet resistance of 100 Ql\im 2 and the resistance 
change rate of 5% are assumed, the output signal rele- 
vant to a sense current of 10 mA is merely 5 mV. Cur- 
rently, in a MOS type field effect transistor that is prac- 
tically available for use, the value of a source/drain cur- 
rent Ids is proportional to a rate between a channel width 
w and a channel length L, and the value of Ids when W 
= 3.3 u.m and L = 1 um is about 0.1 mA. Therefore, the 
value of the sense current of 10 mA used here is very 
excessive relevant to a transistor with sub-micron di- 
mensions. 

[0014] In order to solve this problem, in the MRAM cell 
using the GMR element, there is employed a method of 
connecting a plurality of GMR elements in series, and 
then, configuring a data lie (for example, refer to IEEE 
Trans. Comp. Pac. Manu. Tech. pt. A, 17,373 (1994).). 
However, in the case where memory cells are connect- 
ed in series, there is a disadvantage that the power con- 
sumption efficiency during readout is greatly lowered. 
[001 5] In order to solve these problems, there is pro- 
posed an attempt to apply a ferromagnetic tunnel effect 
(Tunnel Magnetoresistance: hereinafter, abbreviated as 
a TMR effect) instead of the GMR effect. An element 
indicating the TMR effect (hereinafter, abbreviated as 
the TMR element) is primarily composed of a tri-layered 
film made of a ferromagnetic layer 1 , an insulating layer, 
and a ferromagnetic layer 2, and current tunnels through 
the insulating barrier. The tunnel resistance value 
changes in proportion to a cosine of a relative angle in 
magnetization of both of the ferromagnetic metal layer, 
and an maximum value is obtained in the case where 
one magnetization is anti-parallel to another. 
[0016] For example, in tunnel junction of NiFe/Co/ 
AI 2 0 3 /Co/NiFe, the magnetoresistance ratio exceeding 
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25% in a low magnetic field of 500e or less is found out 
(for example, refer to IEEE Trans. Mag., 33,3553 
(1997)). The cell resistance value of the TMR element 
is typically between 10 4 ohms and 10 6 ftper a junction 
area (u.m 2 ). Therefore, assuming that the resistance val- 
ue is 10 kft, and the magnetoresistance ratio is 25% in 
a cell of 1 urn 2 , a cell readout signal of 25 mV is obtained 
in a sense current of 1 0 uA. 

[0017] In an MRAM cell array using the TMR element, 
a plurality of TMR elements are connected in parallel on 
a data line. The following detailed structures are adopt- 
ed. 

(1) A structure in which a selection semiconductor 
element is disposed in series at each TMR element; 

(2) A structure in which a selection transistor is dis- 
posed for each data line where a plurality of TMR 
elements are connected in parallel; and 

(3) A structure in which a plurality of TMR elements 
are disposed in matrix, and a selection transistor is 
disposed for each row data line or each column data 
line (for example, refer to J. Appl. Phys., 81,3758 
(1997)). 

[0018] Among these structures, the structure of (1) 
has the most excellent characteristics in an aspect of 
power consumption efficiency during cell output voltage 
readout. 

[0019] However, in the MRAM cell array having the 
structure of (1), it is required to supply a current to a 
semiconductor element connected to the TMR element 
during readout. As a semiconductor element, there are 
employed: a MOS type transistor; a diode element using 
the transistor; and a diode element using pn junction or 
Schottky junction. Therefore, in the case where there 
occurs dispersion in characteristics of these semicon- 
ductor elements, noise caused by such dispersion can- 
not be ignored. 

[0020] For example, in the case of a MOS transistor, 
a voltage drop between a source and a drain reaches 
100 mV or more in a rule of 0.25 \im. That is, if there 
exists a dispersion of 10% in characteristics of a semi- 
conductor element, noise of 1 0 mV or more is generated 
by such dispersion. In addition, in consideration of a 
noise generated at a peripheral circuit such as noise 
coupled with data line or noise due to dispersion in char- 
acteristics of the sense amplifier, the noise level is great- 
er than 10 mV. In a current cell output voltage of about 
20 mV to 30 mV, an only signal-to-noise ratio of some 
decibels can be obtained. 

[0021] In order to improve the signal-to-noise ratio, in 
a conventional MRAM cell array, there is often employed 
a method for comparing an output voltage V of a select- 
ed single memory cell with a reference V REF , thereby 
differentially amplifying a differential voltage V slg there- 
between. A first object of this is to eliminate noise gen- 
erated in a data line pair to which a memory cell con- 
nects, and a second object of this is to eliminate an offset 



of a cell output voltage V sjg due to dispersion in charac- 
teristics of the semiconductor element for driving a 
sense line or selecting a cell. As a circuit for generating 
the reference voltage V REF , there are employed a circuit 

5 using the semiconductor element or dummy cell. How- 
ever, in this method, the selected memory cell and the 
circuit for generating the reference voltage are connect- 
ed to their respective cell selection semiconductor ele- 
ments, making it impossible to completely eliminate an 

10 offset of the cell output voltage V due to dispersion in 
characteristics of the semiconductor element. 
[0022] Further, in the prior art, in general, the refer- 
ence voltage V REF is defined as an intermediate voltage 
between output voltages V F and that correspond to 

15 cell information "1" and "0". For example, in the case of 
current sensing or voltage detection, assuming that the 
sense current value is defined as l s , the resistance val- 
ue of the TMR element used for a cell is defined as R, 
and the magnetoresistance change ratio is defined as 

20 MR, V F and V AF can be obtained as follows. 

V F = R(1-MR/2) X l s (1) 

V AF = R(1-MR/2) X l s (2) 

[0023] Assuming that the reference voltage is defined 
as an intermediate voltage between V F and V AF , the dif- 
30 ferential voltage inputted to a sense amplifier is as fol- 
lows. 

V sig = RxMRxl s /2 (3) 

35 

[0024] A factor of 2 in the denominator is due to the 
reference voltage V REF is set to the intermediate volt- 
age. In the case of voltage sensing and current detec- 
tion, assuming that a bias voltage is defined as V bjas , 
40 and a detection load resistance is defined as R L , simi- 
larly, the following formulas can be obtained. 

V F = V bias X RL / R (1 - MR / 2) (4) 

45 

VAF=V bi as xR L /[R(1+MR/2)] (5) 



50 V slg =V bjas xR L /RxMR/2 (6) 

[0025] In the deriving process of formula (6), the fact 
that MR 2 « 1 is considered. 
55 [0026] Therefore, in the prior art, only half of the mag- 
netoresistance ratio of the TMR element can be utilized. 
[0027] In order to solve these problems, for example, 
there is a method of using a magnetic field during read 
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out by employing a TMR element in which a ferromag- 
netic layer 1 and a ferromagnetic layer 2 are ferromag- 
netically or anti-ferromagnetically coupled with each 
other (for example, refer to U.S. Patent No. 5,734,605). 
However, this method is not suitable to application to a 5 
hand held device because power consumption during 
readout increases. 

[0028] In addition, there is disclosed a method of dis- 
posing selection transistors for two TMR elements, re- 
spectively, thereby configuring a memory cell (for exam- 10 
pie, refer to ISSCC 2000 Digest paper TA7.2). In this 
method, writing is performed while the magnetization di- 
rections of the recording layers of two TMR elements 
are always anti-parallel to each other. That is, there is 
employed complementary write-in in which a magneti- *5 
zation configuration of either of the elements enters an 
anti-parallel state, and the magnetization of the other 
one enters a parallel state. In this method, outputs of 
these two elements are differentially amplified, thereby 
eliminating noise in the same phase, and improving the 
S/N. However, there is a problem that a cell area in- 
creases, and the degree of integration is lowered be- 
cause two selection transistors are employed for a cell. 
[0029] As described above, a TMR element is applied 
to a memory cell, whereby reduction of the sense cur- 
rent during readout and an increase in the cell output 
signal can be achieved at the same time, making it pos- 
sible to provide an MRAM with its higher density than 
an MRAM using a conventionally employed GMR effect. 
However, even in the case where the TMR element is 
used for a memory cell, the cell output voltage is about 
some tens mV. In view of the magnitude of noise caused 
by dispersion in characteristics of semiconductor ele- 
ments for driving a sense line or selecting a cell or the 
magnitude of noise from a data line and a periphery cir- 
cuit, a sufficient signal-to-noise ratio is not obtained cur- 
rently. In order to improve the signal-to-noise ratio, there 
is proposed a method using a magnetic field; and how- 
ever, there is a disadvantage that power consumption 
during readout increases. 

[0030] It is an object of the present invention to pro- 
vide a magnetic memory device capable of increasing 
a cell output voltage during readout, and capable of im- 
proving a signal-to-noise ratio without causing an in- 
crease in power consumption during readout, the mag- 
netic memory device being compatible with low power 
consumption and fast reading properties. 
[0031] The present invention provides a magnetic 
memory device comprising: a tunnel junction element 
comprising: a stack of a first pinned layer whose mag- 
netization direction is pinned therein, a first tunnel bar- 
rier superposed on the first pinned layer, a first magnetic 
layer which is superposed on the first tunnel barrier and 
whose magnetization direction changes depending on 
an external magnetic field, a second magnetic layer 
whose magnetization direction changes depending on 
the external magnetic field, and a non-magnetic conduc- 
tive layer interposed between the first and second mag- 



netic layers where directions of the magnetic moments 
of the first and second magnetic layers are substantially 
anti-parallel to each other; a second tunnel barrier su- 
perposed on the second magnetic layer, and a second 
pinned layer superposed on the second tunnel barrier, 
a semiconductor element electrically connected to at 
least one of the first magnetic layer, the non-magnetic 
conductive layer and the second magnetic layer; and 
detection means for detecting a current difference be- 
tween a first tunnel current flowing across the first mag- 
netic layer and the first pinned layer and a second tunnel 
current flowing across the second magnetic layer and 
the second pinned layer or a load voltage difference in 
a differential scheme. 

[0032] The present invention further provides a mag- 
netic memory device comprising: a magnetic memory 
cell array comprising a plurality of divided memory cell 
arrays, each ofthe divided memory cell arrays compris- 
ing a plurality of magnetic memory cells, first and second 
subsidiary data lines disposed in parallel to each other, 
a plurality of word lines crossing the first and/or second 
subsidiary data lines, and a corresponding one of a plu- 
rality ofbit lines parallel to the first and second subsidiary 
data lines, wherein each ofthe magnetic memory cells 
comprises first and second tunnel junction sections and 
a cell selection semiconductor element, each ofthe first 
and second tunnel junction sections comprises a stack 
of a pinned layer and a record layer in which a magnet- 
ization direction changes depending on an external 
magnetization field, the first tunnel junction section has 
a first end and a second end opposite to each other in 
the stacking direction, the second tunnel junction sec- 
tion has a third end and a fourth end opposite to each 
other in the stacking direction, the first end of the first 
tunnel junction selection is connected to the first subsid- 
iary data line, the third end ofthe second tunnel junction 
section is connected to the second subsidiary data iine, 
the second end of the first tunnel junction section and 
the fourth end ofthe second tunnel junction section are 
connected to each other and a corresponding one of the 
subsidiary bit lines and, the cell selection semiconductor 
element connecting the subsidiary bit line to one of said 
bit lines. 

[0033] There is herein described a magnetic memory 
cell device comprising a plurality of tunnel junction sec- 
tions that stack a pinned layer having its magnetization 
direction pinned therein and a recording layer having its 
magnetization direction changed by an external mag- 
netic filed, and that configures single or double and more 
tunnel junction, wherein a memory cell that is an infor- 
mation recording unit is composed of two tunnel junction 
sections (first and second TMR elements), a first end in 
the stack direction of each of the first and second TMR 
elements is connected to each of the data lines, and a 
second end is connected to a bit line via the same cell 
selection semiconductor element. 
[0034] In addition, there is herein described a mag- 
netic memory cell device comprising a plurality of tunnel 
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junction sections that stack a pinned layer having its 
magnetization direction pinned therein and a recording 
layer having its magnetization direction changed by an 
external magnetic filed, and that configures single or 
multi tunnel junctions, wherein the magnetic memory 5 
cell array is divided in a plurality of divided cell arrays, 
each divided cell array is made of first and second data 
lines disposed in parallel to each other, a plurality of 
word lines crossing these data lines, a bit line running 
in parallel to the data lines, and a plurality of magnetic 10 
memory cells. The magnetic memory cell is composed 
of two tunnel junction sections (first and second TMR 
elements), the first ends of the first and second TMR 
elements in the stack direction are connected to the first 
and second data lines, respectively, and the second *5 
ends are connected to the same bit line via the same 
cell selection semiconductor element. 
[0035] Furthermore, there is herein described a mag- 
netic memory cell device comprising a plurality of tunnel 
junction sections that stack a pinned layer having its 20 
magnetization direction pinned therein and a recording 
layer having its magnetization direction changed by an 
external magnetic filed, and that configures single or 
double and more tunnel junctions, wherein the magnetic 
memory cell array is divided in a plurality of divided cell 
arrays, each divided cell array being made of first and 
second subsidiary data lines disposed in parallel to each 
other, a plurality of word lines crossing these subsidiary 
data lines, a subsidiary bit line running in parallel to the 
subsidiary data lines, and a plurality of magnetic mem- 
ory cells. The magnetic memory cell is composed of two 
tunnel junction sections (first and second TMR ele- 
ments). The first ends of the first and second TMR ele- 
ments in the stack direction are connected to the first 
and second subsidiary data lines, respectively. The sec- 
ond ends are connected to the same subsidiary bit line 
via the same cell selection semiconductor element. The 
first and second subsidiary data lines and a subsidiary 
bit line are connected to the first and second data lines 
and the bit line via a selection transistor, respectively. 
[0036] Desired embodiments of the present invention 
are exemplified as follows. 

(1) The resistance values and the magnetoresist- 
ance ratio of the first and second tunnel junction 
sections are substantially equal to each other, and 
the magnetization configuration of the both recod- 
ing layers of the tunnel junction sections is always 
in anti-parallel. 

(2) One end of each of the first and second TMR 
elements is connected to each of the first and sec- 
ond data lines, and the other end is connected to a 
bit line via the cell selection semiconductor element. 

(3) The stored information is read by comparing the 
magnitude of currents that flow the first and second 
data lines when a potential difference is applied be- 
tween the first and second data lines and the bit line. 
In addition, the first and second data lines are kept 



at equal potentials. 

(4) The stored information is read by comparing the 
magnitude of a voltage that appears in a bit line 
when a potential difference is applied between the 
first and second data lines. 

(5) A first write line is disposed at one end in the 
stacking direction of the first TMR element, and a 
second write line is disposed at one end in the 
stacking direction of the second TMR element. 
Common write lines are disposed at the first or sec- 
ond end of the first TMR element in the stacking di- 
rection and at the first or second end of the second 
TMR element in the stacking direction. These com- 
mon write lines are configured so as to be diagonal 
to the direction in which a current flows the first write 
line and the direction in which a current flows the 
second write line. 

(6) The first and second TMR elements are dis- 
posed in the same plane. The first and second write 
lines are disposed in parallel to each other in the 
same plane. A third write line and the first and sec- 
ond write lines are in another plane, and are dis- 
posed so as to cross each other in the vicinity of the 
first and second TMR elements. Each of the first 
and second write lines is connected to the outside 
of a memory cell array region at one end. 

(7) The first and second TMR elements are ar- 
ranged in vertical direction, and the first and second 
write lines are disposed in parallel to the vertical di- 
rection. The third write line and the first and second 
write lines are disposed in parallel to each other in 
vertical direction in a plane. The third write line and 
the first and second write lines are in another plane, 
and are disposed so as to cross each other in the 
vicinity of the first and second TMR elements. Each 
of the first and second write lines is connected to 
the outside of a memory cell array region at one 
end. 

(8) A cell selection semiconductor element is a 
MOS type field effect transistor, a diode element us- 
ing a MOS type field effect transistor or a junction 
type diode element that employs pn junction or 
Schottky junction. 

(9) The number of memory cells included in one 
subsidiary cell array is 1000 or less. 

[0037] In the above arranged magnetic memory de- 
vice, a method of reading stored information relevant to 
a memory cell first includes: activating a cell selection 
semiconductor element in a low impedance state during 
readout; and comparing the magnitude of currents that 
flows the first and second data lines when a potential 
difference is applied between the first and second data 
lines and the bit line. The first and second data lines are 
controlled so as to be the same potential. In this manner, 
the senses currents that depend on the potential differ- 
ence and the resistance value of each TMR element 
flows the first and second data lines. The resistance val- 
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ues of the TMR elements are different from each other 
depending on whether a relative angle in magnetization 
between the pinned layer and the storage layer of the 
TMR element is parallel to or is anti-parallel to another. 
[0038] Preferably, in the magnetic memory device ac- 
cording to the present invention, the resistance values 
and magnetoresistance ratio of the two TMR elements 
are equal to each other, and the magnetization direc- 
tions of the respective recording layers are anti-parallel 
to each other. Therefore, assuming that the potential dif- 
ference is defined as V bias , the resistance value of the 
first TMR element is defined as R (1 - MR / 2), and the 
resistance value of the second TMR element is defined 
as R (1 + MR / 2), the values I, and l 2 of the sense cur- 
rents that flow the first and second data lines are as fol- 
lows. 



the signal voltage V sig is obtained as follows. 



'i=V blas /R(1-MR/2) 



= V bias /R(1 + MR/2) 



(7) 



(8) 



V = V bias /2x (1 +MR/2) 



(9) 



[0041] Therefore, when the reference voltage V REF is 
set to: 



10 



15 



20 



[0039] That is, a sense current difference l sig is ob- 
tained by l sjg = V / R x MR, where a greater differential 
signal than that of the prior art can be obtained. A mem- 
ory cell is a current driven element. Thus, if there occurs 
a dispersion in resistance when a cell selection semi- 
conductor connected to the TMR element in serial, the 
result is a dispersion in output signals. In the present 
invention, the first and second TMR elements share the 
same cell selection semiconductor element, thus mak- 
ing it possible to completely eliminate a dispersion 
caused by dispersion in characteristics of the semicon- 
ductor element. This is a great advantage that the prior 
art does not have. 

[0040] In addition, the above reading method second- 
ly include: activating a cell selection semiconductor el- 
ement in a low impedance state during readout; and 
comparing the magnitude of a voltage that appears in 
the bit line when the potential difference is applied be- 
tween the first and second data lines. Assuming that the 
potential difference between the first and second data 
lines is defined as V bjas> the resistance value of the first 
TMR element is defined as R (1 - MR / 2), the resistance 
value of the second TMR element is defined as R (1 + 
MR / 2), a potential difference V between the second 
data line and the bit line is obtained as follows. 



v sig =v 5 



,12 x MR/2 



(11) 



V RE F=V bi as>2 



(10) 



[0042] In this reading method, although the change of 
the signal voltage is smaller than that in the first reading 
method because a reference voltage is used, the follow- 
ing advantageous effects are provided. 

(1) The differential voltage is no dependence on a 
current value that flows a TMR element. That is, 
even in the case where the number of memory cells 
in a memory cell array changes, and then, an im- 
pedance between a data line changes, the output 
is not affected. 

(2) A bias voltage is divided by two TMR elements, 
and thus, the reduction of the magnetoresistance 
ratio depending on the applied voltage can be mit- 
igate. 

(3) Almost no current flows a bit line, and thus, dis- 
persion in characteristics of the selection semicon- 
ductor element can be eliminated. 



25 [0043] In the magnetic memory device according to 
the present invention, storage information is written into 
a memory cell by supplying a current to the first, second, 
and third write lines. In this duration, the value of a mag- 
netic field is set so as to exceed that of the switching 

30 field of the TMR element only in a cross region for the 
first, second, and third write lines, whereby cell selection 
during write can be achieved. 
[0044] In an embodiment of the magnetic memory de- 
vice according to the present invention, the direction of 

35 a current that flows the first write line disposed at the 
first TMR element is opposite to the direction of a current 
that flows the second write line disposed at the second 
TMR element. That is, the magnetization directions of 
the recording layers of the first and second TMR ele- 

40 ments that configure memory cells during write opera- 
tion are always anti-parallel to each other. The informa- 
tion T and "0" are discriminated depending on whether 
a relative angle of magnetization between a pinned layer 
of the element and a storage layer is parallel or is anti- 

45 parallel relevant to the first TMR element. 

[0045] There is herein described a magnetic memory 
device comprising a tunnel junction section including a 
magnetic memory layer formed of a stack of a first 
pinned layer having the magnetization direction pinned 

50 therein, a first tunnel barrier adjacent to the first pinned 
layer, a first magnetic layer which is opposite to the first 
pinned layer via the first tunnel barrier and in which a 
magnetization direction changes depending on an ex- 
ternal magnetic field, a second magnetic layer which is 

55 anti-ferromagnetically coupled to the first magnetic layer 
and in which a magnetization direction changes de- 
pending on the external magnetic field, and a non-mag- 
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netic conductive layer interposed between the first and 
second magnetic layers, for anti-ferromagnetically cou- 
pling between the first and second magnetic layers, a 
second tunnel barrier adjacent to the second magnetic 
layer, and a second pinned layer opposite to the second 5 
magnetic layer via the second tunnel barrier, and a de- 
tection section configured to detect a current difference 
between a first tunnel current flowing across the first 
magnetic layer and the first pinned layer and a second 
tunnel current flowing across the second magnetic layer 10 
and the second pinned layer or a voltage difference in 
a differential scheme. 

[0046] There is herein described a magnetic memory 
device comprising a tunnel junction section including: a 
magnetic memory layer formed of a stack of a first is 
pinned layer having the magnetization direction pinned 
therein, a first tunnel barrier adjacent to the first pinned 
layer, a first magnetic layer which is opposite to the first 
pinned layer via the first tunnel barrier and in which a 
magnetization direction changes depending on an ex- 20 
ternal magnetic field, a second magnetic layer which is 
anti-ferromagnetically coupled to the first magnetic layer 
and in which a magnetization direction changes de- 
pending on the external magnetic field, and a non-mag- 
netic conductive layer interposed between the first and 25 
second magnetic layers, for anti-ferromagnetically cou- 
pling between the first and second magnetic layers, a 
second tunnel barrier adjacent to the second magnetic 
layer, and a second pinned layer opposite to the second 
magnetic layer via the second tunnel barrier, a bit line 30 
electrically connected to all or either of the first magnetic 
layer, non-magnetic conductive layer, and second mag- 
netic layer, a first data line electrically connected to the 
first pinned layer, and a second data line electrically con- 
nected to the second pinned layer. 35 
[0047] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0048] The invention can be more fully understood *o 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a view showing an electrical equivalent cir- 
cuit of a magnetic memory cell array according to a 45 
first embodiment; 

FIG. 2 is a view showing a change in values ^ and 
l 2 of currents that flow data lines DL and /DL accord- 
ing to the first embodiment; 

FIG. 3 is a chart depicting waveforms when record 50 
information on a plurality of memory cells is contin- 
uously read out according to the first embodiment; 
FIG. 4 is a diagram of the equivalent circuit pre- 
sumed an element other than a selection cell as a 
short-circuit resistor; 55 
FIG. 5 is a view showing the result of simulation us- 
ing the equivalent circuit shown in FIG. 4; 
FIG. 6 is a view schematically illustrating disposition 



of a TMR element and a write line that configure the 
magnetic memory cell array according to the first 
embodiment; 

FIG. 7 is a view showing a planar structure of a 
memory cell used for the first embodiment; 
FIGS. 8A and 8B are views showing cross sections 
taken along the lines 8A-8A and 8B-8B in the mem- 
ory cell structure shown in FIG. 7; 
FIGS. 9A and 9B are views showing cross sections 
of the memory cell structure when the write line and 
the data line are used all together; 
FIG. 10 is a view schematically illustrating disposi- 
tion of the TMR element and write line that configure 
a magnetic memory cell array according to a second 
embodiment; 

FIG. 11 is a view showing a planar structure of a 
memory cell in the second embodiment; 
FIGS. 12A and 12B are views showing cross sec- 
tions taken along the lines 12A-12A and 12B-12B 
in the memory cell structure shown in FIG. 11; 
FIG. 13 is a view schematically illustrating disposi- 
tion of the TMR element and write element that con- 
figure a magnetic memory cell array according to a 
third embodiment; 

FIG. 14 is a view showing a sectional structure of 
an element of the magnetic memory array accord- 
ing to the third embodiment; 
FIG. 15 is a view showing an electrical equivalent 
circuit of a magnetic memory cell array according 
to a fourth embodiment; 

FIG. 16 is a view showing a sectional structure of 
an element of a magnetic memory cell array accord- 
ing to a fifth embodiment of the present invention; 
FIG. 17 is a view showing a sectional structure of 
an element of a magnetic memory cell array accord- 
ing to a sixth embodiment of the present invention; 
FIGS. 18A and 18B are views each showing a sec- 
tional structure of an element of a magnetic memory 
cell array according to a seventh embodiment of the 
present invention; 

FIG. 19 is a view showing a sectional structure of 
an element of a magnetic memory cell array accord- 
ing to an eighth embodiment of the present inven- 
tion; 

FIG. 20 is a view showing cross sections of the 
memory cell structure of a magnetic memory cell 
according to a ninth embodiment; 
FIG. 21 is a view showing an electrical equivalent 
circuit of a magnetic memory cell array according 
to a tenth embodiment; 

FIG. 22 is a view showing an electrical equivalent 
circuit of a magnetic memory cell array according 
to an eleventh embodiment; 
FIG. 23 is a view showing an electrical equivalent 
circuit of a magnetic memory cell array according 
to a twelfth embodiment; 

FIG. 24 is a view showing an electrical equivalent 
circuit of a magnetic memory cell array according 
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to a thirteenth embodiment; 
FIG. 25 is a view showing an electrical equivalent 
circuit of a magnetic memory cell array according 
to a fourteenth embodiment; 

FIG. 26 is a view showing an electrical equivalent 5 

circuit of a magnetic memory cell array according 

to a fifteenth embodiment; 

FIG. 27 is a view showing an electrical equivalent 

circuit of a magnetic memory cell array according 

to a sixteenth embodiment; 10 

FIG. 28 is a view showing an electrical equivalent 

circuit of a magnetic memory cell array according 

to a seventeenth embodiment; 

FIG. 29 is a view showing an electrical equivalent 

circuit of a magnetic memory cell array according 15 

to an eighteenth embodiment; 

FIG. 30 is a view showing an electrical equivalent 

circuit of a magnetic memory cell array according 

to a nineteenth embodiment; 

FIG. 31 is a view showing an electrical equivalent 20 
circuit of a magnetic memory cell array according 
to a twenty embodiment; 

FIG. 32 is a view depicting an equivalent circuit 
when a pn diode of the magnetic memory cell array 
according to a modification of the twenty embodi- 25 
ment is replaced with a MOS transistor; 
FIG. 33 is a view showing an electrical equivalent 
circuit of a magnetic memory cell array according 
to a twenty-first embodiment; 

FIG. 34 is a view showing the result obtained when 30 
a current that flows a bit line is measured as a func- 
tion of an offset voltage V off in the twenty-first em- 
bodiment; 

FIG. 35 is a view showing an electrical equivalent 
circuit of a magnetic memory cell array according 35 
to a twenty-second embodiment; 
FIG. 36 is a timing chart for illustrating readout op- 
eration in the magnetic memory array in the twenty- 
second embodiment; and 

FIG. 37 is a view showing the entire configuration *o 
of the magnetic memory cell array in the twenty- 
second embodiment. 

[0049] Hereinafter, the present invention will be de- 
scribed in detail by way of present embodiments. *s 

(First Embodiment) 

[0050] FIG. 1 is a view showing an electrical equiva- 
lent circuit of a magnetic memory cell array according 50 
to a first embodiment of the present invention. 
[0051] In the figure, a region enclosed by dashed line 
corresponds to a memory cell 201 , and this memory cell 
201 is fabricated by two TMR elements and a selection 
transistor. That is, the first memory cell is fabricated by 55 
TMR elements 11 and 21 and a selection transistor 31; 
the second memory cell is fabricated by TMR elements 
12 and 22 and a selection transistor 32; the third mem- 



ory cell is fabricated by TMR elements 13 and 23 and a 
selection transistor 33; and the forth memory cell is fab- 
ricated by TMR elements 14 and 24 and a selection tran- 
sistor 34. In the figure, although four memory cells are 
arranged relevant to a data line direction which will be 
described later, the number of arranged memory cells 
can be, of course, changed as required. 
[0052] In the first memory cell 201 , one end of each 
of the two TMR elements 11 is connected to a data line 
DL, and one end of the TMR element 21 is connected 
to a data line /DL. The other end of each of the TMR 
elements 11 and 21 is connected to the same bit line BL 
via the cell selection transistor 31. In the other cells as 
well, similarly, one end of the TMR element is connected 
to each of the data lines DL and /DL, and the other end 
is connected to the same bit line BL via cell selection 
transistors (32 to 34). 

[0053] Independent word lines WL1 to WL4 are dis- 
posed respectively at the selection transistors 31 to 34. 
As described later, the adjacent memory cell arrays 
share a drain region of the selection transistors and a 
bit line. The data lines DL and /DL are connected to a 
current detection type differential amplifier 401 via a se- 
lection transistor having a common word line DSL. A bi- 
as voltage clamping circuit 420 is connected to the bit 
line BL via a selection transistor having a word line BSL 
connected thereto. 

[0054] Next, an operation of this circuit will be de- 
scribed by exemplifying a memory cell 201. 
[0055] Now, consider a case in which the magnetiza- 
tion configurations of the record layer and pinned layer 
of the TMR element 11 are parallel to each other, and 
those of the TMR elements 21 are anti-parallel to each 
other (record information n V). In an initial state, the po- 
tentials of WL1, BSL, and DSL are 0. Then, the poten- 
tials of DSL and BSL are defined as V DD , DL and /DL 
are set to a zero potential, and V bjas is applied to BL. In 
this state, when WL1 is set to V DD , the selection tran- 
sistor 31 is electrically conductive. Assuming that the re- 
sistance value of the TMR element 11 is defined as R 
(1 - MR / 2) and the resistance value of the TMR element 
21 is defined as R (1 + MR /2), the sense currents I, and 
l 2 that flows the data line DL and /DL are as follows. 

li=V blas /R(1-MR/2) (12) 



'2 = V bias/ R ( 1+MR/2 > ( 13 > 

[0056] That is, the result is I, > l 2 , and the difference 
is l sig = V / R x MR. In the case of the record information 
"0", i.e., in the case where the magnetization configura- 
tions of the TMR elements 1 1 is anti-parallel to each oth- 
er, and those of TMR elements 21 are parallel to each 
other, ^ and l 2 are as follows. 
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l 1 =V b . BS /R(1+MR/2) (14) 



l 2 =V b|a$ /R(1-MR/2) ( 15 > 5 

[0057] That is, the result of I, < l 2 , and the difference 
is equal to a case of record information "1". Therefore, 
the magnitudes of ^ and l 2 are compared by means of 
the current detection type differential amplifier 401, 
thereby making it possible to read out information. 
[0058] FIG. 2 shows a change in the currents l 1 and 
l 2 that flows data lines DL and /DL as a change with an 
elapse of time. Here, the bias voltage V bjas is 400 mV; 
the resistance values of the TMR elements 11 and 21 
are 40 kO in a parallel state with a predetermined bias, 
and are 60 kn in an anti-parallel state. The potential 
WL1 is held in a period VDD of 5 ns to 10 ns. As de- 
scribed above, it is found that sense currents with dif- 
ferent values flow the data lines DL and /DL according 
to the element resistance value. A slight time delay is 
occurred due to the stray capacitance of the data lines. 
[0059] FIG. 3 shows waveforms when record informa- 
tion on a plurality of memory cells is continuously read 
out. In this embodiment, since data lines DL and /DL 
with low impedance are current driven, as shown in FIG. 
2, the delay due to the stray capacitance of the data lines 
is as small as 0.5 ns or less. Such high speed readout 
characteristic is an great advantage of the present in- 
vention. 

[0060] In the present embodiment, an unselected cell 
serves as a shunt resistor between the data lines DL 
and /DL, and its resistance value is 2R irrespective of 
storage information. For example, in the case in which 
N + 1 cells are connected to the data lines DL and /DL, 
its equivalent circuit is as shown in FIG. 4. In this circuit, 
a connection between the data lines DL and /DL is short- 
circuited by a resistor of 2R / N. While sense currents 
flow from the selection cell to the data lines DL and /DL, 
a potential difference is slightly produced with the data 
lines DL and /DL by a wiring resistance R D of the data 
lines DL and /DL, whereby a current flows a short-circuit 
resistor R D . As a result, the potential difference acts in 
a direction in which the current difference between the 
data lines DL and /DL is eliminated. 
[0061] FIG. 5 shows the result of simulation using the 
equivalent circuit shown in FIG. 4. Here, R = 250 k£2 is 
presumed. When the magnitude of the short-circuit re- 
sistance Rdummy is 2.5 kft, i.e., when the number of con- 
nection cells is N = 100, a decrease in the current dif- 
ference is within 10%, which does not cause any prac- 
tical problem. However, there will be lost an advantage 
of the present invention that, when the number of con- 
nection cells is N = 1000, a decrease in current differ- 
ence exceeds 50%, and an output signal increases by 
two times due to complementary readout. Therefore, in 
the present embodiment, the number of memory cells 



per cell block is preferably 100 or less, and is required 
to be 1,000 at most. 

[0062] FIG. 6 is a view schematically illustrating dis- 
position of a TMR element and a write line that configure 
the magnetic memory array according to the present 
embodiment. In FIG. 6, reference numerals 10 to 14 and 
reference numerals 20 to 24 denote TMR elements, and 
reference numerals 51 and 52 denote write lines. For a 
better understanding of the invention, a structure other 
than those of the TMR elements and write lines is omit- 
ted here. In the figure, an area enclosed by dashed line 
indicates the memory cell 201. In the figure, although 
five memory cells are arranged along in a direction in 
which write lines 51 are arranged, the number of this 
arrangements can be changed as required. 
[0063] The memory cell 201 includes two TMR ele- 
ments (first and second TMR elements 11 and 12), and 
the write lines 51 and 52 cross each other vertically in 
their respective element regions. The TMR elements 11 
and 21 configure a single or double and more tunnel 
junctions as described later, and have a pinned layer in 
which the magnetization direction is pinned; and a re- 
cording layer in which the magnetization direction 
changes. In addition, these elements are manufactured 
so that the resistance values, the magnetoresistance ra- 
tio, and the switching field of the recording layer are 
equal to each other in both of the elements. The write 
line 51 has a folded U-letter shape, and is disposed so 
that the current flowing direction is reversed relevant to 
the TMR elements 11 and 21. 

[0064] Recording information is written into the mem- 
ory cell 201 by using the write lines 51 and 52. Now, 
assuming that a potential of one end 51 1 of the write line 
51 is set to be higher than the other end 512, a write 
current flows the write line 51 as indicated by the arrow. 
The direction of the write current is at the upper right of 
a paper face relevant to the TMR element 21, and is at 
the lower left of a paper face relevant to the TMR ele- 
ment 11. By this write current, the magnetic field in the 
direction indicated by the arrow shown by dashed line 
in the figure is produced around the write line, and how- 
ever, its orientation is at the left of a paper face relevant 
to the TMR element 21 , and at the right of a paper face 
relevant to the TMR 11. Therefore, by this magnetic 
field, the writing operation can be achieved such that the 
magnetization directions of the TMR elements 11 and 
21 are always opposite to each other. 
[0065] The information "1" and "0" may be discrimi- 
nated depending on whether a relative angle between 
magnetization of the recording layer of the TM R element 
11 and magnetization of the pinned layer is parallel or 
anti-parallel. In addition, the information "1" and "0" are 
easily rewritten by inverting a direction of a write current 
that flows the write line 51. In the write line 51, a first 
write line 51a is defined which connects to a terminal 
511, and a second write line 51b is defined which con- 
nects to a terminal 512. 

[0066] In order to select a cell during writing, a write 
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line 52 (a third write line) is used together with the write 
line 51. That is, when a write current in the upper left 
direction of a paper face flows the write line 52 as shown, 
the magnetic field in a direction indicated by the arrow 
shown by dashed line in the figure is produced around 
the write line 52. The direction of the magnetic field from 
the write line 52 is identical to those of the TMR elements 
11 and 21 , and is vertical to the magnetic field direction 
from the write line 51. Therefore, the value of a write 
current that flows each of the write lines 51 and 52 is set 
so that the value of the composite magnetic field from 
the write lines 51 and 52 is greater than that of the in- 
verted magnetic field, whereby cell selection and writing 
can be achieved. 

[0067] In the writing operation using the magnetic 
fields orthogonal to each other as described above, it is 
preferable that the easy axis of magnetization of the re- 
cording layer of the TMR element is parallel to the mag- 
netic field direction from the write line 51. In addition, 
the write lines 51 and 52 may not always be orthogonal 
to each other in the vicinity of the TMR element, and an 
arbitrary angle may be set. 

[0068] FIG. 7 shows a planar structure of a memory 
cell 201 that corresponds to that shown in FIG. 1. The 
memory cell according to the present embodiment has 
two TMR elements in one structure, and the TMR ele- 
ments are formed at an upper layer of the semiconduc- 
tor circuitry on a Si substrate 70. 
[0069] In FIG. 7, reference numerals 71 and 72 de- 
note diffusion regions of a cell selection transistors 
which serve as drain or source of the transistor; refer- 
ence numerals 41 and 42 denote data lines, reference 
numeral 30 denotes a word line of the cell selection tran- 
sistor; reference numeral 44 denotes a cell plate formed 
at the lower layer of the TMR elements 11 and 12; ref- 
erence numeral 45 denote a contact between the cell 
plate 44 and the drain region of the ceil selection tran- 
sistor. The source region 72 of the cell section transistor 
is shared with memory cells of the adjacent memory cell 
arrays (not shown), and is connected to a bit line. In con- 
sideration of an element separation region, the dimen- 
sions of one memory cell range from 20 to 25F 2 . Here, 
F denotes a data line interval. 
[0070] In the present embodiment, two TMR elements 
share one transistor, thus making it possible to reduce 
a cell region twice in comparison with a differential am- 
plifier in which two TMR elements have their own tran- 
sistors. 

[0071] FIGS. 8A and 8B are schematic views showing 
cross sections taken along the lines 8A-8A and 8B-8B 
in a planar structure of the memory cell shown in FIG. 
7. The semiconductor circuit section formed on a Si sub- 
strate 70 and each metal layer is separated by an inter- 
layer insulation layer 60. The TMR elements 11 and 21 
each are composed of a stack of a record layer 101, a 
tunnel barrier 102, and a pinned layer 103. The TMR 
elements 11 and 21 are formed on a common cell plate 
44. The cell plate 44 is formed to ensure electrical con- 



tact between a cell selection transistor and each of the 
TMR elements 11 and 21. This node is made of non- 
magnetic conductive layer such as W, Al or Ta. 
[0072]. In the present embodiment, although there is 

5 illustrated a structure in which the write lines 51 and 52 
are separated from the data lines 41 and 42, it is possi- 
ble to share both of them as shown in FIGS. 9A and 9B, 
and to provide the data lines 41 and 42 with functions 
of the write line 51 . In this case, a metal wiring layer that 

10 corresponds to the write line 51 shown in FIGS. 8A and 
8B is eliminated. In addition, in the above case, although 
the data lines 41 and 42 are required to be short- 
circuited at one end thereof during write operation, this 
short-circuit mechanism can be easily arranged by us- 

15 ing a conventionally known circuit technology. Although 
the data lines 41 and 42 are connected to each other by 
a number of TMR elements, the junction resistance of 
the TMR element is sufficiently large in comparison with 
the wiring resistance of the data lines. Thus, even if a 

20 plurality of such elements are connected, the magnitude 
of a write current that flows through the TMR elements 
during writing can be ignored. 

[0073] It is a preferred embodiment that a barrier met- 
al formed of a conductive metal nitride such as TIN or 

25 TaN for preventing mutual metal diffusion is provided at 
the lower part of the cell plate 44 and at a contact site 
of the TMR element. In addition, a seed layer such as 
Au, Pt, Ta, Ti, or Cr may be provided in order to control 
crystallinity and crystal orientation of the pinned layer 

30 103. 

[0074] The pinned layer 103 is made of a thin layer 
made of Fe, Co, Ni or their alloy. The magnetization di- 
rection of the pinned layer defines a reference direction 
during information writing and readout. Therefore, the 

35 switching field is required to be sufficiently greater than 
that of the recording layer described later. For this pur- 
pose, for example, there is preferably employed: a stack 
made of metallic anti-ferromagnetic material such as Mn 
alloy and Fe, Co, Ni or their alloy; or an alternate stack 

40 made of Fe, Co, Ni or their alloy subjected to interlayer 
anti-ferromagnetic coupling and a non-magnetic metal 
such as Cu or Ru. 

[0075] The tunnel barrier 102 is made of an Al oxide 
layer, and is formed on the pinned layer 103 by directly 

45 sputtering alumina, or by oxidizing, after an Al of 2 nm 
or less in thickness has been formed, the Al layer. A ma- 
terial used for the tunnel barrier 102 is required to have 
good insulation properties in very thin layer thickness of 
2 nm or less. As such material, there can be used a 

50 Ta 2 O s , silicon oxide, silicon nitride, MgO and the like as 
well as the above alumina sputtered layer and Al oxida- 
tion layer. In addition, there can be provided a structure 
in which metal particles are dispersed in an insulation 
material, and further, a structure in which a very thin met- 

55 al layer of several nm is sandwiched. When an insulating 
layer having these composite structures is used, the cell 
resistance value can be easily controlled by structural 
design, which is preferable in the practical point of view. 
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[0076] The recording layer 101 is formed of a thin lay- 
er made of Fe, Co, Ni or their alloy. In order to reduce 
power consumption during information writing, it is de- 
sirable that the switching field of the recording layer is 
as small as possible. The magnitude of the preferred 
switching field is 10 Oe to 30 Oe. For the purpose of 
reducing the switching field of the recording layer, it is a 
preferred embodiment to employ a layer that stacks a 
CoFe alloy layer having high spin polarization of con- 
ductive electron and a NiFe allow layer having soft mag- 
netic characteristics. In addition, an alloy or compound 
with Fe, Co, Ni and any other element may be employed. 
[0077] Data lines 41 and 42 formed of a non-magnetic 
conductive layers such as W, Al or Cu or their alloy are 
disposed at the upper layer of the record layer 1 01 . Al- 
ternatively, it is a preferred embodiment to provide a 
contact site with a barrier metal that is formed of a con- 
ductive metal nitride such as TiN or TaN, for example, 
for preventing mutual diffusions with these lines. For 
constituent elements other than TMR elements and a 
manufacturing method thereof, there can be employed 
a semiconductor element manufacturing technique 
which is conventionally known, and a detailed descrip- 
tion is omitted here. 

[0078] As described above, in the present embodi- 
ment, one memory cell (for example, reference numeral 
201) is fabricated by two TMR elements (for example, 
reference numerals 1 1 and 21 ), each of memory cells is 
disposed at a cross point between each of the write lines 
51a and 51b disposed in parallel to each other and the 
write line 52 orthogonal to these lines. Thus, a current 
is supplied to the write lines 51a and 51b and the write 
line 52, whereby writing can be selectively performed 
for an arbitrary memory cell. 

[0079] The directions of currents that flow the write 
lines 51a and 51b are opposite to each other, and the 
magnetization directions of the storage layer 101 of the 
two TMR elements 11 and 21 that configures one mem- 
ory cell are always anti-parallel to each other during 
write operation. Thus, the difference between outputs of 
the TMR elements 11 and 21 is obtained during storage 
information readout, whereby a great differential voltage 
can be obtained in comparison with that in the prior art. 
Specifically, when a cell selection transistor 31 is ren- 
dered conductive during readout, and a potential differ- 
ence is applied between each of the first and second 
data lines DL and /DL and the bit line BL, the magnitudes 
of the currents ^ and l 2 that flow the data lines DL and 
/DL are compared with each other by means of the cur- 
rent detection type differential amplifier 401 , whereby 
storage information can be read out. 
[0080] Therefore, according to the present embodi- 
ment, the cell output voltage can be increased, and a 
signal-to-noise ratio can be improved without causing 
an increase in power consumption during readout, mak- 
ing it possible to ensure compatibility between low pow- 
er consumption and fast readout capability. In addition, 
the TMR elements 11 and 21 share the same cell selec- 



tion transistor 31 , thus making it possible to completely 
eliminate an offset of a cell output voltage due to disper- 
sion in transistor characteristics. 



[0081] FIG. 1 0 is a view schematically illustrating dis- 
position of a TMR element and a write line that configure 
the magnetic memory cell array according to a second 

10 embodiment of the present invention. 

[0082] In FIG. 10, reference numerals 10 to 14 and 
reference numerals 20 to 24 denote TMR elements; ref- 
erence numerals 51 and 52 denote write lines. For a bet- 
ter understanding, a structure other than those of the 

15 TMR elements and write lines is omitted. In the figure, 
an area enclosed by dashed line indicates a region of a 
memory cell 201 that is an information recording unit. 
[0083] The memory cell 201 includes two TMR ele- 
ments 11 and 21. Write lines 51 and 52 cross vertically 

20 in the respective element regions. The write line 51 has 
a folded U-letter shape in vertical direction, and is dis- 
posed so that the TMR elements 1 1 and 21 are opposite 
to each other in the current run direction. In the present 
embodiment, unlike the first embodiment, the TMR ele- 

25 ments 11 and 21 and the write line 51 are disposed in 
the same plane in a direction vertical to the layer face. 
[0084] That is, the write line 51 is formed of the first 
and second write lines 51a and 51b disposed in parallel 
to each other in vertical direction, and one end of each 

30 of the write lines 51a and 51 b is connected at the outside 
of the cell disposition region. The TMR elements 10 to 
14 are disposed respectively on the lower face of the 
write line 51a; TMR elements 20 to 24 are disposed re- 
spectively on the upper face of the write line 51b, and 

35 the TMR elements 10 and 20, 11 and 21, 12 and 22, 12 
and 23, and 14 and 24 are disposed in opposite to each 
other in vertical direction. For example, with respect to 
a memory cell 201 that is fabricated by TMR elements 
11 and 21, a third write line 52 is disposed at an inter- 

40 mediate position between the first and second write 
lines 51a and 51b so as to be orthogonal to the write 
lines 51a and 51b. Any arrangement and function other 
than the above is similar to that shown in the first em- 
bodiment, and a detailed description will be omitted 

45 here. 

[0085] FIG. 11 shows a planar structure of a memory 
cell 201 that corresponds to that shown in FIG. 10. FIGS. 
12A and 12B schematically illustrate cross sections of 
the memory cell that corresponds to that shown in FIG. 

so 11, taken along the lines 1 2A-1 2A and 1 2B-1 2B. 

[0086] In the present embodiment, unlike the first em- 
bodiment, common cell plates 44 and 44* are provided 
at the upper and lower two layers; the cell plate 44 is 
connected at the lower end of the upper TMR element 

55 11 ; and the cell plate 44' is connected at the lower end 
of the lower TMR element 21. Further, a data line 41 is 
connected to the upper layer of a record layer 1 01 of the 
TMR element 11 , and a data line 42 is connected to the 
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upper layer of a record layer 1 0 1 ' of the TMR element 21 . 
[0087] As described above, in the present embodi- 
ment, unlike the first embodiment, the TMR element 11 
and 21 and write line 51, and further, the data lines 41 
and 42 are disposed in the same plane in a direction 
vertical to the layer face. Any arrangement or function 
other than the above is similar to that shown in the first 
embodiment, and an advantageous effect similar to that 
of the first embodiment can be provided. In addition, in 
the present embodiment, the two TMR elements 11 and 
21 are disposed in vertical direction, and an area for one 
memory cell is about 8 to 12F 2 , which is smaller than 
that of the first embodiment. 

(Third Embodiment) 

[0088] FIG. 1 3 is a view schematically illustrating dis- 
position of a TMR element and a write line that configure 
the magnetic memory array according to a third embod- 
iment of the present invention. 
[0089] In FIG. 13, reference numerals 10 to 14 and 
reference numerals 20 to 24 denote TMR elements, and 
reference numerals 51 and 52 denote write lines. For a 
better understanding, a structure other than those of the 
TMR elements and write lines is omitted here. Unlike 
the second embodiment shown in FIG. 10, a third write 
line 52 passes underneath a second write line 52b in- 
stead of between the first and second write lines 51a 
and 51b. 

[0090] FIG. 14 is a view schematically illustrating a 
cross section of the memory cell in the third embodi- 
ment. In the present embodiment, unlike the first and 
second embodiments, the TMR elements 11 and 21 are 
formed at the upper and lower sides of a common cell 
plate 44, respectively. Further, a data line 41 is connect- 
ed to the upper layer of a record layer 101 of the TMR 
element 1 1 , and a data line 42 is connected to the lower 
layer of a recording layer 10V of the TMR element 21. 
[0091] In addition, in the present embodiment, the cell 
plate is made of a ferromagnetic material. This material 
is characterized by functioning as a common pinned lay- 
er of the TMR elements 11 and 21. That is, the TMR 
element 11 is fabricated by a record layer 101, a tunnel 
barrier 102, and a cell plate 44, and the TMR element 
21 is fabricated by a record layer 101*, a tunnel barrier 
102', and a cell plate 44, respectively. 
[0092] With such arrangement, in the present embod- 
iment, there is provided an advantage that a cell array 
can be easily manufactured in comparison with the sec- 
ond embodiment, and a dispersion in characteristics of 
the TMR elements 11 and 21 is reduced. In the cell plate 
44, only a portion configuring the TMR elements 11 and 
21 may be made of a ferromagnetic material, and the 
other portion may be made of a non-magnetic material. 
[0093] According to the present embodiment, the 
TMR elements and write lines are stacked in the direc- 
tion of the layer face, thus making it possible to signifi- 
cantly reduce a cell area, when F is defined as a data 



line interval, the dimensions of one memory cell is 8 to 
12F 2 , and about half of the cell area can be achieved in 
comparison with the first embodiment. 



[0094] Hereinafter, a fourth embodiment concerning 
a circuit configuration of a magnetic memory device ac- 
cording to the present invention will be described with 
reference to a circuit diagram shown in FIG. 15. 
[0095] The magnetic memory device according to the 
present invention comprises two or more tunnel junc- 
tions for each of a plurality of constituent memory cells. 
In this fourth embodiment, a description will be given by 
using a double tunnel junction element 111 that compris- 
es two tunnel junctions, and however, an aspect in which 
this double tunnel is expanded to a multiple tunnel junc- 
tion is included in the present invention. 
[0096] A configuration of double tunnel junction ele- 
ments 111a and 111b shown in FIG. 1 5 will be described 
using an element 111a. The element 111a comprises: a 
tunnel junction 111a-1 that is formed of a first pinned 
layer, a first tunnel barrier, and a first magnetic layer; 
and a tunnel junction 111a-2 that is formed of a second 
magnetic layer, a second tunnel barrier, and a second 
pinned layer. When these are stacked sequentially, the 
resultant stack is composed of the first pinned layer, first 
tunnel barrier, first magnetic layer, non-magnetic con- 
ductive layer, second magnetic layer, second tunnel bar- 
rier, and second pinned layer which are stacked in this 
order. 

[0097] First and second pinned layers are ferromag- 
netic layers having their magnetizations pinned, and its 
magnetization does not change even in a writing mag- 
netic field. In first and second magnetic layers, thanks 
to the non-magnetic conductive layer inserted between 
these magnetic layers, always their magnetizations of 
the first and second magnetic layers are always antifer- 
romagnetically coupled. The first and second magnetic 
layers and the non-magnetic conductive layer constitute 
the recording layer. The magnetization configuration of 
the recording layer can be changed by applying the writ- 
ing magnetic field. 

[0098] Differential detection of storage information on 
these tunnel junction elements 1 1 1 a and 1 1 1 b will be de- 
scribed by using the tunnel junction element 111a shown 
in FIG. 15. Information is stored so that one of the tunnel 
junctions 111a-1 and 111a-2 is at a low resistance Rp, 
and the other is at a high resistance R AP . Here, the low 
resistance Rp is the resistance in which magnetizations 
of the magnetic layer and the pinned layer are parallel 
to each other; and a high resistance R AP is the resist- 
ance in which the magnetization of the magnetic layer 
is anti-parallel to that of the pinned layer. 
[0099] In this double tunnel junction element 1 1 1 a, the 
first pinned layer is connected to a data line 113 and the 
second pinned layer is connected to a data line 112. 
These layers are connected to a common sense ampli- 
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tier 17. 

[0100] The recording layer is electrically connected to 
a source or drain of a transistor 1 14a. This configuration 
is provided such that ail or either of the first magnetic 
layer, the non-magnetic conductive layer, and second 5 
magnetic layer that configure the recording layer are 
electrically connected to the source or drain via a con- 
ductive layer. 

[0101] Another double tunnel junction element having 
the same configuration as a double tunnel junction 111a, io 
for example, a double tunnel junction element 111b 
shown in FIG. 15 is connected in parallel to data lines 
112 and 113 in the same format as the element 111a. In 
addition, a connection between the storage layer of the 
double tunnel junction element 111b and a cell transistor 1 5 
114a are made in a manner similar to that of the double 
tunnel junction element 111a. 

[01 02] Two or more tunnel junction elements connect- 
ed to the same data lines 112 and 113 can be provided 
in plurality, and are disposed in array shape in a direction 20 
in which the data lines 112 and 113 shown in FIG. 15 
extend. In addition, cell transistors 114a and 114b of 
memory cells connected to the same bit lines shown in 
FIG. 15 are connected in common to the source or drain 
of a bit line selection transistor 115. The gate of each 
cell transistor is connected to each of the corresponding 
word lines 116a and 116b. Although not shown, the gate 
electrodes of the cell transistors of memory cells dis- 
posed in array shape can be connected in common to 
the same word lines in a lengthwise direction of word 
lines. 

[0103] In the fourth embodiment, one memory cell is 
composed of one transistor and a double tunnel junction 
element, whereby a differential system can be achieved, 
and there is no need to use reference cells. In addition, 
bit size can be significantly reduced, and a memory de- 
vice with its large capacity can be achieved. Further, a 
problem with dispersion of cell transistors can be re- 
duced, and thus, noise can be significantly reduced. As 
a result, the obtained S/N ratio is 10 times or more as 
high as a conventional MRAM. Furthermore, the reduc- 
tion of the magnetoresistance ratio depending on the 
applied voltage is small because double or more multi- 
ple tunnel junction is used. Still further, due to the fact 
that the recording layer is consist of the first and second 
ferromagnetic layers which are anti-ferromagnetically 
coupled with each other, the demagnetization field still 
remains small even if the size of the memory cell is re- 
duced in sub-micron region. Therefore, a large capacity, 
non-volatile memory with its small power consumption 
can be provided. 

(Fifth Embodiment) 

[0104] Fifth embodiment describes a structure of a 
memory device that configures a circuit described in the 
fourth embodiment and magnetic information writing/re- 
adout with reference to the sectional view shown in FIG. 



16. In the FIG. 16, like elements shown in FIG. 15 are 
designated by line reference numerals, and a detailed 
description will be omitted here. 
[0105] According to a double tunnel junction element 
111 of the illustrative embodiment, there are formed to 
be sequentially stacked: a first pinned layer 121; a first 
tunnel barrier 122; a first magnetic layer 123; a non- 
magnetic conductive layer 1 24; a second magnetic layer 
125; a second tunnel barrier 126; and a second ferro- 
magnetic magnetization pinned 127. The first magnetic 
layer 123, non-magnetic conductive layer 124, and sec- 
ond magnetic layer configure a recording layer 128. In 
this element 111, a first tunnel junction is formed by the 
first pinned layer 121, the first tunnel barrier 122, and 
the first magnetic layer 123; and a second tunnel junc- 
tion is formed by the second magnetic layer 125, the 
second tunnel barrier 126, and the second pinned layer 
127. Although the recording layer 128 is a tri-layered 
film, this layer can be further a multiple layered film. 
[0106] First and second magnetic layers 1 23 and 1 25 
that configure the recording layer 128 are antiferromag- 
netically coupled with each other. Namely, the magnet- 
ization of the first and second magnetization layers 123 
and 125 is maintained in a direction opposite to each 
other, and the magnetization of these layers is main- 
tained in a direction opposite to each other after inverted 
by an external magnetic field. Such an anti-ferromag- 
netic coupling can be achieved by inserting a thin, non- 
magnetic, conductive layer 124 between the first and 
second magnetic layers 123 and 125. 
[0107] The material of the non-magnetic conductive 
layer 124 that promotes interlayer exchange coupling 
with the first and second ferromagnetic layer can be se- 
lected from publicly known materials. However, it is de- 
sirable to use Cu, Ru, Cr, Re, Ir, and alloy including one 
of these elements of 50 atom.% or more. In particular, 
Ru, Re, and Irthin film can promote strong antiferromag- 
netic interlayer coupling, which is preferable. 
[0108] In addition, in order to promote magnetization 
switching by low magnetic field, it is desirable that two 
magnetic layers has different magnetization. Thus, it is 
preferable to form first and second magnetic layers with 
their different layer thickness or to use magnetic layers 
with their different materials. 

[0109] The orientations of magnetization of the first 
and second pinned layers 121 and 127 are pinned to be 
the same as each other as shown in FIG. 16. The ori- 
entations of magnetization of the first and second mag- 
netic layers 123 and 125 coupled antiferromagnetically 
are inverted from a state "1" shown in FIG. 16 to a state 
"0", whereby the storage information on these memory 
cells is changed. 

[0110] In the state "1" shown in FIG. 16, the orienta- 
tions of magnetization of the first pinned layer 121 and 
the first magnetic layer 124 are anti-parallel to each oth- 
er. Thus, the first tunnel junction is high resistance R AP . 
The orientations of magnetization of the second mag- 
netic layer 1 25 and the second pinned layer 1 27 are par- 
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aliel to each other. Thus, the second tunnel junction is 
at a low resistance R p . In contrast, in the state "0", the 
orientations of magnetization of the first pinned layer 
121 and the first magnetic layer 1 23 are parallel to each 
other. Thus, the first tunnel junction is at a low resistance 
R p . The orientations of magnetization of the second 
magnetic layer 125 and second pinned layer 127 are 
anti-parallel to each other. Thus, the resistance of the 
second tunnel junction can be at a high resistance R AP . 
[0111] Now, a method of writing operation will be de- 
scribed here. Information is stored by supplying a writing 
current to the write lines 129 and 130 shown in FIG. 16. 
The write line 129 extends long in the horizontal direc- 
tion of the paper face shown in FIG. 16, and the write 
line 130 extends long in the vertical direction of the pa- 
per face. The writing current is supplied to both of them, 
whereby information is stored in the double tunnel junc- 
tion element 1 1 1 only at its cross point. As shown in FIG. 
16, the recording layer 128 is connected to a source or 
drain 131 of a ceil selection transistor 114 via a contact 
column (wire) made of a conductive material, and the 
other source or drain 1 31 of the cell selection transistor 
114 is connected to a bit line selection transistor 115 
shown in FIG. 15. A contact column for connecting one 
of the storage layer 128 and source or drain 131 is po- 
sitioned in front of or at the depth of paper face as indi- 
cated by dotted line in FIG. 1 6 and crosses the data line 
113 and write-in line 129 via an interlayered insulation 
layer. 

[0112] The longitudinally stacked double tunnel junc- 
tion shown in FIG. 1 5 can greatly contribute to reduction 
of bit size. In addition, when a soft magnetic layer is used 
for two magnetic layers 123 and 125 that are antiferro- 
magnetically coupled with each other, coercive force is 
reduced. Thus, a small magnetic field is required for writ- 
ing information. Even if an element size is reduced, the 
writing current remains small, and low power consump- 
tion is maintained. 

[01 1 3] Furthermore, as in the fourth embodiment, any 
reference cells are not used, and there is no need to 
consider dispersion of transistors or tunnel junction el- 
ements. Thus, significant cost reduction is achieved. 
[0114] In order to increase read sensitivity, it is desir- 
able to use materials with having high magnetoresist- 
ance ratio for magnetic materials of first and second fer- 
romagnetic pinned layers or first and second magnetic 
layers. Therefore, the magnetic layers 123 and 125 and 
the pinned layers 121 and 127 can be made of such as 
Co, Fe, CoFe, CoNi, CoFeNi, and FeNi alloys and half 
metals such as NiMnSb or Co 2 MnGe. In half metals, on- 
ly one energy gap exists at one spin band. Thus, spin 
polarization rate is large. By using this metal, higher 
magnetoresistance effect can be achieved. As a result, 
more signal output can be obtained. 
[0115] In addition, it is possible to use a variety of 
means for pinning magnetization of the pinned layers 
121 and 127. For example, there are provided means 
using a ferromagnetic material with higher coercive field 



than the magnetic layers 123 and 125 of the recording 
layer 128; means for pinning magnetization of the 
pinned layer by utilizing exchange coupling between the 
anti-ferromagnetic layer and the ferromagnetic layer 
5 which are in contact with each other; and means for 
making the ferromagnetic layer in contact with a hard 
magnetic layer in place of the anti-ferromagnetic layer 
to fix magnetization of the pinned layers 121 and 127 
using the leakage magnetic field. Antiferromagnetic lay- 
to er materials used for exchange coupling can include 
materials employed in a general spin valve GMR such 
as FeMn, IrMn, and PtMn. 

[0116] In addition, as tunnel barriers 122 and 126, 
there can be used a variety of insulation non-magnetic 

15 materials such as Al 2 0 3 , Ta 2 0 5 , silicon nitride silicon ox- 
ide, or MgO. The thickness of these layers preferably 
ranges from 5 angstroms to 30 angstroms. 
[0117] Further, the magnetic element thin layers as 
described above can be fabricated by using a general 

20 apparatus for forming a thin layer such as molecule 
beam epitaxy (MBE) approach, various sputtering ap- 
proach, or vapor deposition approach. In addition, the 
structure as shown in the illustrative embodiment can 
. be fabricated using fine processing technique and mul- 

25 tiple layered wiring technique. 

(Sixth Embodiment) 

[0118] A sixth embodiment describes another struc- 
ture of the memory device that configures a circuit de- 
scribed in the fourth and fifth embodiments and writing/ 
readout of the information using a sectional structure of 
FIG. 17 and a schematic circuit diagram. In FIG. 17, like 
elements in FIGS. 15 and 16 are designated by like ref- 
erence numerals, and a detailed description will be omit- 
ted here. 

[01 19] In the illustrative embodiment, there is shown 
a circuit in which one of the data lines 112 and 113 and 
the data line 113 and sense amplifier 117 shown in FIG. 
17 are connected via a transistor 1 33. In this manner, in 
FIG. 16, one of two write-in line 129, 130 can be elimi- 
nated. That is, during information writing, a current is 
supplied to the data line 112 and write-in line 134, and 
at the same time, the transistor 133 is turned OFF. In 
this manner, the current that flows to the data line 112 
does not flow through a tunnel junction, and contributes 
only to generating a magnetic field for writing. 
[0120] Thus, one write-in line can be eliminated by in- 
serting the transistor 133, and the number of wired lay- 
ers can be reduced. 

(Seventh Embodiment) 

[0121] A seventh embodiment described another 
configuration of the memory device that configures the 
circuit described in the fourth embodiment and writing/ 
readout of the information by using the sectional struc- 
ture and schematic circuit diagram shown in FIGS. 18A 
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and 18B. In FIGS. 18A and 18B, Like elements shown 
in FIGS. 15 to 17 are designated by line reference nu- 
merals, and a detailed description will be omitted. 
[0122] In the seventh embodiment, as shown in FIGS. 
18A and 18B ( one of source or drain 131 of the cell se- 5 
lection transistor 114 is connected to the recording layer 
1 28 via a cell plate 1 38 and a contact 1 39. This is formed 
by providing a hole at the second tunnel barrier 1 26 and 
second pinned layer 127 shown in FIG. 16, and padding 
the hole with an insulating material. In addition, a non- 
magnetic conductive layer 1 37 can be used. In this case, 
it is required to stack and process a non-magnetic con- 
ductive layer. 

[0123] With such a configuration as shown in FIGS. 
18A and 18B, when information is written, a current is 
supplied to the data line 112 and the write-in line 134. 
When a switch transistor 1 33 connected to the data line 
1 1 3 is turned OFF, no tunnel current flows to the double 
tunnel junction 111. The information can be written into 
the recording layer 128 by a composite magnetic field 
for two currents that flow to the data line 112 and the 
write-in line 134. 

[0124] In addition, when stored information is read 
out, the switch transistor 133 shown in FIGS. 18A and 
1 8B is turned ON so that a current flows to the data lines 
112 and 113. If the transistor 114 is turned ON, power 
can be supplied to the double tunnel junction 111. 

(Eight Embodiment) 

[0125] An eight embodiment describes a structure of 
the memory device that configures the circuit described 
in the fifth embodiment and writing/readout of the infor- 
mation with reference to a section structure shown in 
FIG. 19 and a schematic circuit diagram. In FIG. 19, like 
elements shown in FIGS. 15 to 18 are designated by 
like reference numerals, and a detailed description will 
be omitted. 

[0126] FIG. 19 shows a sectional view of a magnetic 
memory cell according to the ninth embodiment. This 
embodiment is characterized by using a junction type 
diode 151 as a cell selection semiconductor element. A 
double tunnel junction element 111 is vertically inter- 
posed between first and second data lines 112 and 113 
extending in a vertical direction with respect to a sheet 
of the drawing. A recording layer 128 and the diode 151 
are connected to each other by a cell plate 1 38 and a 
contact 139. The diode 151 is connected to a write line 
134. The rectification direction of the diode 151 can be 
defined depending on the composition of the writing/ 
read out circuitry, as shown in later. The write-in line 134 
is perpendicular to the first and second data lines 112 
and 113 and also functions as a bit line. The write-in op- 
eration is performed by flowing a signal current through 
the data lines 112 and 113 and the write-in line 137 per- 
pendicular thereto. In this case, the diode prevents the 
writing current from flowing to the double tunnel junction 
element 111. The diode 151 may be formed of an ele- 



ment having a rectifying function such as a pn junction 
diode, a Schottky junction diode, a MIS junction diode 
and the like. 

[0127] In the fifth to seventh and ninth embodiments 
described above, although a double tunnel junction el- 
ement in which layers are formed to be stacked in the 
vertical direction of a substrate face is used for the tun- 
nel junction element in the memory arid cell, the tunnel 
junction elements of the present invention are not limited 
thereto, and various modifications can occur. Namely, 
the present invention is applicable to a double or more 
multiple tunnel element. In addition, there is no need for 
these layers to be always formed to be stacked. 



[0128] FIG. 20 shows a sectional view of a magnetic 
memory cell according to the ninth embodiment. 
[0129] A memory cell 201 is fabricated by a first 
pinned layer 121 whose magnetization direction is 
pinned, a first tunnel barrier 122, and a recording layer 
128 formed of a first magnetic layer 123 whose magnet- 
ization direction changes depending on a the magnetic 
field, a non-magnetic conductive layer 1 24 and a second 
magnetic layer whose magnetization direction changes 
depending on the magnetic field, a second tunnel barrier 
126, and a second pinned layer 127 whose magnetiza- 
tion direction is pinned, which are stacked in this order. 
In other words, the first pinned layer 121 , the first tunnel 
barrier 122 and the first magnetic layer form a first tunnel 
junction. The second magnetic layer 125, the second 
tunnel barrier 1 26 and the second pinned layer 1 27 form 
a second tunnel junction. The non-magnetic conductive 
layer 1 24 and cell selection transistor 1 31 are connected 
to each other via a cell palate 138 and a contact 139. 
[0130] The first and second data lines 112 and 113 
sandwich vertically the first and second tunnel junctions 
and are perpendicular to a write line 134. The write op- 
eration is performed by flowing a writing current to the 
data lines 112 and 113 and the write-in line 137 perpen- 
dicular thereto. In this case, a switch transistor 133 is 
may be provided on the front stage of a sense amplifier 
117 in order to prevent a leakage flowing via the data 
lines 112 and 123. 

[0131] The non-magnetic conductive layer 124 is 
formed of a metal selected from Cu, Ru, Cr, Re and Ir 
or an alloy containing Cu, Ru, Cr, Re and Ir not less than 
50 atom%. 

[0132] In the magnetic memory device of this embod- 
iment, the first mag netic layer 1 23 connected to the non- 
magnetic conductive layer 124 and the second magnet- 
ic layer 125 are formed so as to separated to each other 
by such a distance that the coupling between the mag- 
netic layers goes off. This embodiment differs in function 
from the embodiments of FIGS. 4 to 9. In other words, 
this embodiment realizes a differential readout using a 
state wherein one tunnel junction has a low resistance 
and the other tunnel junction has a high resistance by 
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controlling independently the switching of magnetiza- 
tion without using the anti-ferromagnetic coupling be- 
tween the first and second magnetic layers. 
[01 33] In this embodiment, since two tunnel junctions 
are structured in a stack configuration, the area of the 5 
ceil can be greatly reduced. If the wiring line interval is 
F, the cell area is8to12F2. 

(Tenth Embodiment) 

10 

[0134] FIG. 21 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to a tenth embodiment of the present invention. Like el- 
ements shown in FIG. 1 are designated by line reference 
numerals, and a detailed description is omitted here. 
[0135] In the figure, a region enclosed in the dashed 
line corresponds to a memory cell 201, Two TMR ele- 
ments are connected to independent data lines DL and 
/DL respectively at one end, and are connected to the 
same bit line BL via a cell selection transistor at the other 
end. Independent word lines WL1 to WL4 are disposed 
at selection transistors 31 to 34, respectively, and the 
selection transistors 31 and 32 and the selection tran- 
sistors 33 and 34 share a drain region, respectively. The 
data lines DL and /DL are connected to the current de- 
tection type differential amplifier 401 via the selection 
transistor having a word line DSL, and the bit line BL is 
connected to the bias voltage clamping circuit 420 via 
the selection transistor connected to a word line BSL. 
[0136] In the present embodiment, the present inven- 
tion is characterized in that the adjacent cells share a 
drain region of the selection transistor and a bit line. 
Thus, there is provided an advantage that the number 
of bit lines can be halved by the adjacent cells sharing 
the bit line. 

(Eleventh Embodiment) 

[0137] FIG. 22 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to an eleventh embodiment of the present invention. 
Like elements shown in FIG. 1 are designated by line 
reference numerals, and a detailed description is omit- 
ted here. 

[01 38] In the figure, a region enclosed by dashed line 
corresponds to a memory cell 201 . In each cell, the TMR 
elements are connected to data lines DL and /DL at one 
end, and are connected to other bit lines BL1 and BL2, 
respectively, at the other end via a cell selection transis- 
tor. Independent word lines WL1 to WL4 are disposed 
respectively at the selection transistors 31 to 34, and the 
selection transistors 31 and 32 and the selection tran- 
sistors 33 and 34 share a drain region, respectively. The 
data lines DL and /DL are connected to the current de- 
tection type differential amplifier 401 via a selection tran- 
sistor having a common word line DSL. 
[0139] The bit lines BL1 and BL2 are connected to bit 
lines CBL1 and CBL2 that run in parallel to the data lines 



DL and /DL. Further, CBL1 and CBL2 are connected to 
the bias voltage clamping circuit 420 via a selection tran- 
sistor having independent word lines BSL1 and BSL2, 
respectively, at the outside of the memory cell array re- 
gion. 

[0140] In the present embodiment, the present inven- 
tion is characterized in that the bit line BL runs while 
crossing the data lines DL and /DL, and is shared by the 
adjacent memory cell arrays. Further, there is provided 
an advantage that the adjacent memory arrays share 
BL, and finally, the BL is connected to one CBL that runs 
in parallel to the data lines DL and /DL, thereby making 
it possible to reduce the number of lines that run in par- 
allel to be superimposed on the data lines DL and /DL, 
and reduce an array area more significantly. In the case 
where the bit line BL and the word line WL run in parallel 
to each other, the bit line BL and the word line WL are 
activated simultaneously, thereby making it possible to 
cause memory cells in the row direction to be read out 
simultaneously, i.e., making it possible to execute so 
called, page mode readout. 

(Twelfth Embodiment) 

[0141] FIG. 23 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to a twelfth embodiment of the present invention. Like 
elements shown in FIG. 1 are designated by line refer- 
ence numerals, and a detailed description is omitted 
here. 

[0142] In the figure, a region enclosed in dashed line 
corresponds to a memory cell 201. Two TMR elements 
are connected to independent data lines DL1 and /DL 
respectively at one end, and are connected to the same 
bit line BL1 at the other end via a cell selection transistor. 
In addition, in these memory cells and the memory cells 
adjacent to each other in the word line direction, these 
two TMR elements are connected to the data line DL2 
and /DL, respectively at one end, and are connected to 
the same bit line BL2 at the other end via a cell selection 
transistor. That is, the data line /DL is shared by the ad- 
jacent memory cells in the word line direction. 
[0143] Independent word lines WL1 to WL4 are dis- 
posed at the selection transistors 31 to 34, respectively. 
The data lines DL1 and /DL are connected to the current 
detection type differential amplifier 401 via a selection 
transistor having a common word line DSL1. The data 
line /DL is shared with the adjacent memory ceil arrays, 
but has a different selection transistor. The data lines 
DL2 and /DL are connected to the current detection type 
differential amplifier 401 via a selection transistor having 
a common word line DSL2. Here, the data lines DL1 and 
DL2 does not share a word line of a selection transistor 
in order to prevent the leakage through the data line 
DL2. 

[0144] In the present embodiment, the present inven- 
tion is characterized in that the adjacent memory cell 
arrays share a data line /DL. Thus, there is provided an 
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advantage that the data lines are shared, thereby mak- 
ing it possible- to reduce an array area more significantly. 

(Thirteenth Embodiment) 

[0145] FIG. 24 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to a thirteenth embodiment of the present invention. Like 
elements shown in FIG. 1 are designated by line refer- 
ence numerals, and a detailed description is omitted 
here. 

[0146] In the figure, a region enclosed in dashed line 
corresponds to a memory cell 201. Two TMR elements 
are connected to subsidiary data lines sDL and /sDL, 
respectively, at one end. The other end of each of the 
TMR elements is connected to the same subsidiary bit 
lines sBL via a cell selection transistor. Independent 
word lines WL1 to WL4 are disposed at selection tran- 
sistors 31 to 34, respectively. 

[0147] The subsidiary data lines sDL and /sDL and the 
subsidiary bit line sBL are connected to data lines DL 
and /DL and a bit line BL, respectively, via a selection 
transistor having a common word line SASL. The data 
lines DL and /DL are connected to the current detection 
type differential amplifier 401 via a selection transistor 
having a common word line DSL. In addition, the bit line 
BL is connected to the bias voltage clamping circuit 420 
via a selection transistor having a word line BSL at the 
outside of the memory cell array region. 
[0148] The present embodiment is characterized in 
that a memory cell array is divided in the data line direc- 
tion, thereby forming a subsidiary cell array. Employing 
such arrangement makes it possible to reduce the 
number of memory cells in a cell array without extremely 
increasing the array area. In this manner, there can be 
avoid a problem with the lowering of an output signal 
due to an increased number of memory cells. 

(Fourteenth Embodiment) 

[0149] FIG. 25 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to a fourteenth embodiment of the present invention. 
Like elements shown in FIG. 1 are designated by line 
reference numerals, and a detailed description is omit- 
ted here. 

[0150] In the figure, a region enclosed in dashed line 
corresponds to a memory cell 201 , and two TMR ele- 
ments are connected to subsidiary data lines sDL and 
/sDL, respectively at one end. The other end of each the 
TMR elements is connected to the bit line BL via a cell 
selection transistor, and is connected to each of the in- 
dependent bit lines BL1 to BL4 in each of the memory 
ceil arranged in the data line direction. 
[0151] Independent word lines WL1 to WL4 are dis- 
posed at the selection transistors 31 to 34, respectively. 
The subsidiary data lines sDL and /sDL are connected 
to data lines DL and /DL, respectively, via a selection 



transistor having a common word line SASL. The data 
lines DL and /DL are connected to the.current detection 
type differential amplifier 401 via a selection transistor 
having a common word line DSL. 
5 [01 52] In the present embodiment, the present inven- 
tion is characterized in that a bit line BL runs while cross- 
ing the data lines DL and /DL, and the bit line BL is com- 
patible with a write line. 

10 (Fifteenth Embodiment) 

[0153] FIG. 26 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to a fifteenth embodiment of the present invention. Like 
15 elements shown in FIG. 1 are designated by line refer- 
ence numerals, and a detailed description is omitted 
here. 

[0154] In the figure, a region enclosed by dashed line 
corresponds to a memory cell 201 . In each memory cell, 

20 one end of one TMR element is connected to each of 
the data lines DLR1 to DLR4, and one end of the other 
TMR element is connected to the same data line DLC. 
Further, the other end of each of the TMR elements is 
connected to the same bit line BL via a cell selection 

25 transistor. Independent word lines WL1 to WL4 are dis- 
posed to the cell selection transistor 31 to 34, respec- 
tively. The bit line BL is connected to the bias voltage 
clamping circuit 420 via a selection transistor having a 
word line BSL at the outside of the memory cell array 

30 region. 

[0155] In the present embodiment, the present inven- 
tion is characterized in that data line pairs DLR and DLC 
run while crossing each other, and the BL runs while 
crossing the WL similarly. In addition, a bit line is not 

35 shared in the word line direction. Thus, cell selection 
during readout can be uniquely performed by controlling 
potentials of the BL and WL, and a bias voltage is ap- 
plied to only a selection cell. Further, the data line pairs 
DLR and DLC cross each other, and thus, are not short- 

40 circuited by an unselected cell. Therefore, operation 
with stability and high power consumption efficiency can 
be expected. 

(Sixteenth Embodiment) 

45 

[0156] FIG. 27 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to a sixteenth embodiment of the present invention. Like 
elements shown in FIG. 1 are designated by line refer- 
so ence numerals, and a detailed description is omitted 
here. 

[0157] In the figure, a region enclosed by dashed line 
corresponds to a memory cell 201. Two TMR elements 
are connected to data lines DL and /DL, respectively, at 
55 one end, and are connected to the same bit line BL at 
the other end via a cell selection transistor. Independent 
word lines WL1 to WL4 are disposed at the selection 
transistors 31 to 34, respectively. The data lines DL and 
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/DL are connected to the bias voltage clamping circuit 
420 and the current detection type differential amplifier . 
401 via a selection transistor having a common word 
line DSL. In addition, a bit line BL is grounded. 
[0158] In the present embodiment, the present inven- 5 
tion is characterized in that the bit line BL is low in po- 
tential relevant to the data lines DL and /DL, and a cur- 
rent flows the bit line BL from the data lines DL and /DL 
via the selection transistor. In FIG. 29, although a bit line 
potential is defined as a grounded potential, the poten- w 
tial may be set to an arbitrary voltage in a range in which 
the bit line potential does not exceed a data line poten- 
tial. In addition, in the present embodiment, the poten- 
tials of the data lines DL and /DL are required to be com- 
pletely equal to each other. This can be easily achieved is 
by a bias voltage clamping circuit or similar technique 
as illustrated. 

(Sixteenth Embodiment) 

20 

[0159] FIG. 28 is a view showing an electrical equiv- 
alent circuit of the magnetic memory cell array according 
to a sixteenth embodiment of the present invention. Like 
elements shown in FIG. 1 are designated by line refer- 
ence numerals, and a detailed description is omitted 25 
here. 

[01 60] In the figure, a region enclosed by dashed line 
corresponds to a memory cell 201, and two TMR ele- 
ments are connected to independent data lines DL and 
/DL, respectively, at one end. The other end of each of 30 
the TMR elements is connected to a bit line via a cell 
selection transistor, and is connected to each of the in- 
dependent bit lines BL1 to BL4 arranged in the data line 
direction. Independent word lines WL1 to WL4 are dis- 
posed at the selection transistors 31 to 34, respectively. 35 
The data line DL is connected to the bias voltage clamp- 
ing circuit 420 via a selection transistor having a word 
line DSL, and the data line /DL is grounded. The bit lines 
BL1 to BL4 are connected to their different differential 
sense amplifiers SA, respectively. w 
[0161] Next, an operation of this circuit will be de- 
scribed by exemplifying the memory cell 201 . Now, con- 
sider a case in which the magnetization configurations 
of the recording layer and pinned layer of the TMR ele- 
ment 1 1 are parallel to each other, and those of the TMR 45 
element 21 is anti-parallel to each other (record infor- 
mation "1"). In an initial state, the potentials of the WL1 
and DSL1 are 0. Then, the potential of the DSL1 is de- 
fined as VDD, WL1 is defined as VDD while V bias is ap- 
plied to the DL, thereby making the selection transistor so 
31 electrically conductive. When the resistance value of 
the TMR element 11 is defined as R (1 - MR / 2), and 
the resistance value of the TMR element 12 is defined 
as R (1 + MR / 2), the value of a voltage to be induced 
to the BL is obtained as follows. 55 



V 1 =V bias /2 X (1 +MR/2) (16) 

[0162] On the other hand, in the case of record infor- 
mation "0", i.e., in the case where the magnetization 
configuration of the TMR element 11 enters an anti-par- 
allel state, and that of the TMR element 21 enters a par- 
allel state, the value of a voltage induced to the BL is 
obtained as follows. 

V 0 =V bias /2x(1-MR/2) (17) 

[0163] Therefore, for example, when a reference volt- 
age of a differential sense amplifier is set to V REF = V bjas 
/ 2, by comparing the signal voltage of the BL with the 
reference voltage, the stored information can be dis- 
criminated. 

[0164] In this reading method, a ratio of the divided 
voltages due to the two TMR elements is detected, and 
thus, the following advantages are provided. 

(1) There is no dependence on a value of a current 
that flows a TMR element. That is, even if the 
number of memory cells in a memory cell array is 
changed, and an impedance between the data lines 
DL and /DL changes, an output is not affected. 

(2) A bias voltage can be divided by two TMR ele- 
ments, and the reduction of the magnetoresistance 
ratio depending on the applied voltage can be mit- 
igated. 

(3) Almost no current flows a bit line, and the dis- 
persion in characteristics of selection semiconduc- 
tor elements, in particular, the dispersion in a 
source/drain resistance can be ignored. 

(Eighteenth Embodiment) 

[0165] FIG. 29 is a view showing an electrical equiv- 
alence circuit of a magnetic memory cell array according 
to an eighteenth embodiment of the present invention. 
Like elements shown in FIG. 1 are designated by like 
reference numerals, and a detailed description is omit- 
ted here. 

[0166] In the figure, a region enclosed in dotted line 
corresponds to a memory cell 201. Two TMR elements 
each are connected to a respective one of data lines DL 
and /DL at one end, and are connected to the same bit 
line BL at the other end via a cell selection transistor 31 . 
Independent word lines WL1 to WL4 are disposed at se- 
lection transistors 31 to 34. The data line DL is connect- 
ed to a bias voltage clamping circuit 420 via the selection 
transistors each having a word line DSL, and the data 
line /DL is grounded. The bit line BL is connected to a 
differential sense amplifier SA via the selection transis- 
tor connected to the word line BSL. 
[0167] In the present embodiment, the bit line BL is 
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shared by a plurality of memory cells, thus making it pos- 
sible to reduce an array area more significantly. 

(Nineteenth Embodiment) 

[01 68] FIG. 30 is a view showing an electronic equiv- 
alence circuit of a magnetic memory cell array according 
to a nineteenth embodiment of the present invention. 
Like elements shown in FIG. 1 are designated by like 
reference numerals, and a detailed description is omit- 
ted here. 

[01 69] The present embodiment is basically the same 
as the seventeenth and eighteenth embodiments in 
memory cell array structure. However, the bit line BL is 
divided into a subsidiary bit line sBL via a current con- 
verting circuit, and a fluctuation of the sBL voltage gen- 
erated by readout operation is transferred as a current 
difference to a main amplifier SA at the subsequent 
stage through the bit line BL by means of the current 
converting circuit. In the present embodiment, the float- 
ing capacity and wiring resistance can be reduced by 
shorting a length of the bit BL, and fast operation can 
be achieved by reducing a bit line delay. 

(Twenty Embodiment) 

[0170] FIG. 31 is a view showing an electrical equiv- 
alence circuit of a magnetic memory cell array according 
to a twenty embodiment of the present invention. Like 
elements shown in FIG. 1 are designated by like refer- 
ence numerals, and a detailed description is omitted 
here. 

[0171] In the figure, a region enclosed in dashed line 
corresponds to a memory cell 201, and two TMR ele- 
ments are connected to a respective one of the data 
lines DL and /DL at one end. The other end of each of 
the TMR elements is connected to the bit line BL via the 
cell selection diode element 31, and is connected to a 
respective independent one of bit lines BL1 to BL4 via 
a memory cell arrayed in the data line direction. The data 
line DL is connected to a bias voltage clamping circuit 
420 via the selection transistors each having the word 
line DSL, and the data line /DL is grounded. The bit line 
BL is grounded via the selection transistors connected 
to a load resistance and a word line BSL. 
[0172] In the present embodiment, the threshold volt- 
age in forward direction of the diode is utilized for cell 
selection. That is, a value of the threshold voltage in for- 
ward direction of the diode is defined as V T0 , and it is 
assumed that V T0 < V 0 is met. Here, when a potential 
difference V is applied to specific data lines DL and /DL, 
a voltage of V 0 - V TO or - V TO is applied to the sense 
amplifier connected to the bit line group that crosses the 
data lines DL and /DL. Therefore, stored information can 
be read out by discriminating its magnitude. 
[0173] As diode elements for cell selection in the 
present embodiment, there can be employed a junction 
type pn-diode, Schottky diode, or MIS diode; and an n- 



type MOS transistor having a drain/gate terminal short- 
circuited as shown in FIG. 32. In general, in a magnetic 
memory device, a MOS transistor is frequently used. A 
redundant element separation region is required for 
5 forming the pn-diode at a semiconductor portion, which 
leads to an increased cell area. A diode using an nMOS 
transistor does not cause such a problem, which is a 
preferred embodiment. 

10 (Twenty-First Embodiment) 

[0174] FIG. 33 is a view showing an electrical equiv- 
alence circuit of a magnetic memory cell array according 
to a twenty-first embodiment of the present invention. 
15 Like elements shown in FIG. 1 are designated by like 
reference numerals, and a detailed description is omit- 
ted here. 

[0175] In the figure, a region enclosed in dashed line 
corresponds to a memory cell 201, and two TMR ele- 

20 ments are connected to a respective one of the data 
lines DL and /DL at one end. The other end of each of 
the TMR elements is connected to a bit line BL via a cell 
selection diode element 31, and is connected to a re- 
spective independent one of the bit lines BL1 to BL4 via 

25 memory cells arrayed in the data line direction. The data 
line DL is connected to a bias voltage clamping circuit 
420 via the selection transistors each having the word 
line DSL, and the data line /DL is grounded. The bit line 
BL is connected to an offset voltage circuit 430 and a 

30 current sense amplifier 402. 

[0176] In FIG. 34, in the present embodiment, a cur- 
rent that flows to a bit line is measured as a function of 
an offset voltage V off . Two curves designate currents l 0 
and ^ that correspond stored information "1" and "0", 

35 respectively. A region in which only l 0 is substantially 
equal to 0 exists in the vicinity of V off = 500 mV. In this 
region, a value of ^ / 1 2 is very large, which is very ad- 
vantageous in the practical point of view. 
[0177] A change of l 0 and l n according to such stored 

40 information can be achieved by combining a voltage 
change according to the stored information with a strong 
non-linearity in the vicinity of the threshold voltage V T0 
of the diode. In general, the magnitude of V T0 in the di- 
ode is determined depending on the manufacturing 

45 method. Therefore, as in the present embodiment, a 
method of applying an offset voltage is a preferred em- 
bodiment. 

(Twenty-Second Embodiment) 

50 

[0178] FIG. 35 is a view showing an electrical equiv- 
alence circuit of a magnetic memory cell array according 
to a twenty-second embodiment of the present inven- 
tion. 

55 [0179] In the figure, a region enclosed in dash line cor- 
responds to one memory cell 201. In this memory cell 
201, the TMR elements 11 and 21 each are connected 
to a respective independent one of the data lines 41 and 
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42 at one end, and the other end of each of the TMR 
elements 11 and 21 are connected in common to a cell 
selection transistor 32. 

[0180] In addition, in each memory cell, independent 
word lines 301 to 304 are disposed respectively at the 
cell selection transistors 31 to 34. One end of each of 
the data lines 41 and 42 is connected to a respective 
one of constant current sources 401 and 402, and the 
other end is connected to a sense amplifier 404. A com- 
mon word line 403 is disposed at a MOS transistor that 
configures the constant voltage sources 401 and 402. 
The sense amplifier 404 is a voltage latch type flip flop 
amplifier, and has a common source terminal 405 and 
a data terminal 406. 

[0181] Next, a method of reading out information in 
the magnetic memory cell array according to the present 
invention will be described in detail. 
[0182] FIG. 36 shows a change when there are read 
potential WL of the word line 302 of the cell selection 
transistor 32; a potential DLW of the word line 403 con- 
nected to the constant current sources 401 and 402; po- 
tentials of the data lines 41 and 42 (DL and /DL); and a 
potential SS of the common source terminal 405 of the 
sense amplifier 404 by taking a time axis as a horizontal 
axis. 

[0183] Now, consider a case in which magnetization 
of the recording layer of the TMR element 1 1 is anti-par- 
allel to that of the pinned layer (record information "1"). 
In an initial state, the potentials of the word line WL of 
the cell selection transistor 32 and word line DLW that 
controls the constant current sources 401 and 402 are 
defined as 0, and a potential of the common source ter- 
minal of the sense amplifier 404 is defined as VD. In this 
state, the data lines 41 and 42 are at floating potentials, 
and the sense amplifier 404 is separated from the data 
lines 41 and 42. 

[0184] Next, a high potential V s is applied to DLW after 
WL has been defined as a high potential V cc , and the 
cell selection transistor 32 has been conductive. In this 
manner, a sense current Is equal to the TMR elements 
11 and 21 flows via the data lines 41 and 42. When a 
voltage fall in cell selection transistor 32 is defined as 
Vr, the potentials of the data lines 41 and 42 are as fol- 
lows. 

DL = VD = (R + AR) X l s +Vr 

/DL = VD'-R x l s +Vr (18) 

That is, 

AV = ARXI S (19) 

is obtained as a differential voltage of the data lines 41 
and 42. 



[0185] Next, in this state, a readout pulse that chang- 
es from VD to 0 is applied to the common source termi- 
nal 405 of the sense amplifier 404 as illustrated. If a po- 
tential difference between DL and SS exceeds a thresh- 
5 old potential Vth of a transistor, the transistor connected 
to the data line 42 with a low potential starts discharging. 
As a result, the data line 41 maintains an initial potential 
Vd, and the other data line 42 is latched by 0V. 
[0186] In the case of record information "0 n , the mag- 
to netization of the record layer of the TMR element 11 is 
parallel to that of the pinned layer, and the data line 11 
is at a low potential while a sense current is supplied. 
Thus, when a readout pulse is applied, the data line 41 
is latched by 0V. Therefore, a pulse is applied to the 
15 common source terminal 405, after a certain period has 
passed, a voltage D of the data line 41 is acquired by 
using the terminal 406 of the sense amplifier, whereby 
readout is performed. After data readout, the potential 
of each terminal is restored to an initial state as illustrat- 
20 ed, whereby the latch of the sense amplifier 404 is reset, 
and readout operation completes. 
[0187] In the configuration of the present embodi- 
ment, the magnitude <)> of the readout pulse applied to 
the common source terminal 405 of the sense amplifier 
25 404 must be 

VD' ^ <|> g VD 

30 That is, a margin relevant to the pulse magnitude corre- 
sponds to about a differential voltage between the data 
lines during readout. In order to stabilize an operation 
of this portion, there may be provided (1) a voltage am- 
plifying circuit at the front stage of the sense amplifier; 
35 and (2) a circuit for compensation for dispersion be- 
tween VD and VD' or the like. Although a flip-flop ampli- 
fier is employed in the present embodiment, another 
amplifying circuit, for example, a current mirror amplifier 
may be employed for the sense amplifier. 
40 [0188] FIG. 37 is a view schematically showing the 
entire configuration of the magnetic memory cell array 
according to the present embodiment. A memory cell 
array including memory cells arranged in a two-dimen- 
sional manner; data line groups connected to these 
45 memory cells; word line groups; and write line groups 
crossing in the vicinity of memory cells. Write lines RWL 
and CWL in pair are connected to a column decoder and 
a row decoder, thereby enabling selective writing that 
corresponds to external address input. 
so [0189] On the other hand, the word line DWL for driv- 
ing data line pairs DL and /DL and a word line WL for 
driving the cell selection transistor orthogonal to these 
word lines are connected to the column decoder and the 
row decoder, respectively, thereby enabling selective 
55 readout that corresponds to external address input. The 
sense amplifier SA is provided at each data line pair, 
and is driven by a common word line SS. Then, readout 
data is read out via the common data line D. 
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[0190] In this manner, in the present embodiment, one 
memory cell (for example, 201) is fabricated by twoTMR 
elements (for example, 11 and 12), and memory cells 
are disposed respectively at a cross portion between 
each of the write lines 51a and 51b disposed in parallel 
to each other and the write line 52 orthogonal to these 
write lines. Thus, a current is supplied to the write lines 
51 a and 51 b and the write line 52, whereby data can be 
selectively written into an arbitrary memory cell. 
[0191] The directions of currents that flow through the 
write lines 51a and 51b are opposite to each other, and 
the magnetization directions of the recording layers 101 
of the two TMR elements 11 and 12 that configure one 
memory cell 201 are anti-parallel to each other. Thus, 
during information readout operation, a difference be- 
tween the outputs of the TMR elements 11 and 12 is 
acquired, whereby a differential signal that is greater 
than that of prior art can be obtained. In addition, the 
TMR elements 11 and 21 share the same cell selection 
transistor 32, making it possible to completely eliminate 
an offset of the output signal caused by a dispersion in 
transistor characteristics. 

[0192] Therefore, according to the present embodi- 
ment, the cell output signal during readout operation can 
be increased, and a signal-noise ratio can be improved 
without causing any increase in power consumption and 
in the settling time during readout. Thus, low power con- 
sumption can be compatible with fast readout proper- 
ties. 

[0193] As described above in detail, use of the mag- 
netic memory cell array structure of the present inven- 
tion makes it possible to achieve significantly higher out- 
put and lower noise than a case using prior art during 
information readout. Therefore, a solid magnetic mem- 
ory device compatible with low power consumption and 
fast readout properties can be provided. 



Claims 

1 . A magnetic memory device comprising: 

a tunnel junction element comprising: 

a stack of a first pinned layer (121) whose 
magnetization direction is pinned therein, 
a first tunnel barrier (122) superposed on 
the first pinned layer, a first magnetic layer 
(123) which is superposed on the first tun- 
nel barrier (122) and whose magnetization 
direction changes depending on an exter- 
nal magnetic field, a second magnetic layer 
(125) whose magnetization direction 
changes depending on the external mag- 
netic field, and a non-magnetic conductive 
layer (124) interposed between the first 
and second magnetic layers where direc- 
tions of the magnetic moments of the first 



■ • , and second magnetic layers are substan- • 
: tially anti-parallel to each other; 
. a second tunnel barrier (126) superposed 
on the second magnetic layer (125); and 
5 a second pinned layer (127) superposed 

on the second tunnel barrier (1 26); 
a semiconductor element (114) electrically 
connected to at least one of the first mag- 
. netic layer (123), the non-magnetic con- 
to ductive layer (124) and the second mag- 
netic layer (125); and 
detection means (117) for detecting a cur- 
rent difference between a first tunnel cur- 
rent flowing across the first magnetic layer 
15 (123) and the first pinned layer (121) and 
a second tunnel current flowing across the 
second magnetic layer (125) and the sec- 
ond pinned layer (1 27) or a load voltage dif- 
ference in a differential scheme. 

20 

2. A magnetic memory device according to claim 1, 
characterized by including: 

a bit line electrically connected to at least one 
25 of the first magnetic layer (1 23), the non-mag- 

netic conductive layer (124), and the second 
magnetic layer (125) via the semiconductor el- 
ement (114); 

a first data line (113) electrically connected to 
30 the first pinned layer (121); and 

a second data line (112) electrically connected 
to the second pinned layer (127). 

3. The magnetic memory device according to claim 1 
35 or 2, characterized in that the semiconductor ele- 
ment comprises a transistor (114) or a diode. 

4. The magnetic memory device according to claim 1 , 
2 or 3, characterized in that the detection means 

40 includes a sense amplifier (117) and a transistor 
(1 33) through which the sense amplifier is connect- 
ed to the data line (113). 

5. The magnetic memory device according to any one 
45 of claims 1 to 4, characterized in that the first and 

second magnetic layers (123, 125) differ in thick- 
ness from each other. 

6. The magnetic memory device according to any one 
so of claims 1 to 5, characterized in that the first and 

second magnetic layers (123, 125) are made of 
magnetic materials having high magnetoresistance 
ratio. 

55 7. The magnetic memory device according to claim 6, 
characterized in that the first magnetic layer (1 23) 
is anti-ferromagnetically coupled to the second 
magnetic layer (125). 
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8. A magnetic memory device comprising: 

a magnetic memory cell array comprising a plu- 
rality of divided memory cell arrays, each of the 
divided memory cell arrays comprising a plural- 
ity of magnetic memory cells (201), first and 
second subsidiary data lines (DL, /DL) dis- 
posed in parallel to each other, a plurality of 
word lines (WL1 to WL4) crossing the first and/ 
or second subsidiary data lines, and a corre- 
sponding one of a plurality of bit lines (BL) par- 
allel to the first and second subsidiary data 
lines, 

wherein each of the magnetic memory cells 
comprises first and second tunnel junction sec- 
tions (11, 21) and a cell selection semiconduc- 
tor element (31 , 32. ..), each of the first and sec- 
ond tunnel junction sections comprises a stack 
of a pinned layer (121 , 127) and a record layer 
(123, 125) in which a magnetization direction 
changes depending on an external magnetiza- 
tion field, the first tunnel junction section (11) 
has a first end and a second end opposite to 
each other in the stacking direction, the second 
tunnel junction section (21) has a third end and 
a fourth end opposite to each other in the stack- 
ing direction, the first end of the first tunnel junc- 
tion selection (11) is connected to the first sub- 
sidiary data line (DL), the third end of the sec- 
ond tunnel junction section (21) is connected to 
the second subsidiary data line (/DL), the sec- 
ond end of the first tunnel junction section (11) 
and the fourth end of the second tunnel junction 
section (21 ) are connected to each other and a 
subsidiary bit line, the cell selection semicon- 
ductor element (31, ...) connecting the subsid- 
iary bit line to one of said bit lines. 



Patentanspruche 

1. Eine Magnetspeichervorrichtung, umfassend: 
ein Tunnelubergangselement, umfassend: 

einen Stapel aus einer ersten Pinschicht 

(121) , deren Magnetisierungsrichtung dar- 
in eingepragt ist, einer der ersten Pin- 
schicht uberlagerten ersten Tunnelbarriere 

(122) , einer der ersten Tunnelbarriere 

(122) uberlagerten ersten Magnetschicht 

(123) , deren Magnetisierungsrichtungsan- 
derungen von einem extemen magneti- 
schen Feld abhangen, einer zweiten Ma- 
gnetschicht (125), deren Magnetisierungs- 
richtungsanderungen von dem externen 
Magnetfeld abhangen, und einer zwischen 
der ersten und der zweiten Magnetschicht 



angeordneten nicht-magnetischen leitfahi- 
gen Schicht (124), wobei Richtungen der 
magnetischen Momente der ersten und 
zweiten Magnetschicht im wesentlichen 
5 zueinander antiparallel sind; 

eine der zweiten Magnetschicht (125) 
uberlagerte zweite Tunnelbarriere (126); 
und 

10 

eine der zweiten Tunnelbarriere (126) 
uberlagerte zweite Pinschicht (127); 

ein Halbieiterelement(114), das mit der er- 
rs sten Magnetschicht (123) und/oder der 
nicht-magnetischen leitfahigen Schicht 

(124) und/oder der zweiten Magnetschicht 

(125) elektrisch verbunden ist; und 

20 eine Erfassungseinrichtung (117) zur Er- 

fassung einer Stromdifferenz zwischen ei- 
nem uber die erste Magnetschicht (123) 
und die erste Pinschicht (121) flie&enden 
ersten Tunnelstrom und einem uber die 

25 zweite Magnetschicht (1 25) und die zweite 

Pinschicht (127) flie&enden zweiten Tun- 
nelstrom, Oder einer Lastspannungsdiffe- 
renz in einem differenziellen Verfahren. 

30 2. Eine Magnetspeichervorrichtung nach Anspruch 1 , 
dadurch gekennzeichnet, dass sie umfasst: 

eine Bitleitung, die mit der ersten Magnet- 
schicht (123) und/oder der nicht-magnetischen 
35 leitfahigen Schicht (1 24) und/oder der zweiten 

Magnetschicht (125) uber das Halbleiterele- 
ment (114) elektrisch verbunden ist; 

eine mit der ersten Pinschicht (121) elektrisch 
40 verbundene erste Datenleitung (113); und 

eine mit der zweiten Pinschicht (127) elektrisch 
verbundene zweite Datenleitung (112). 

45 3. Die Magnetspeichervorrichtung nach Anspruch 1 
oder 2, dadurch gekennzeichnet, dass das Halb- 
leiterelement einen Transistor (114) oder eine Di- 
ode umfasst. 

so 4. Die Magnetspeichervorrichtung nach Anspruch 1, 
2 oder 3, dadurch gekennzeichnet, dass die Er- 
fassungseinrichtung einen Abtastverstarker (117) 
und einen Transistor (133) umfasst, uber den der 
Abtastverstarker mit der Datenleitung (113) verbun- 

55 den ist. 

5. Die Magnetspeichervorrichtung nach einem der An- 
spruche 1 bis 4, dadurch gekennzeichnet, dass 
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die erste und zweite Magnetschicht (123, 125) sich 
hinsichtlich ihrer Dicke voneinander unterscheiden. 

6. Die Magnetspeichervorrichtung nach einem der An- 
spruche 1 bis 5, dadurch gekennzeichnet, dass 5 
die erste und zweite Magnetschicht (123, 125) aus 
magnetischen Materia lien mit einem hohen Ma- 
gnetwiderstandsverhaltnis bestehen. 

7. Die Magnetspeichervorrichtung nach Anspruch 6, to 
dadurch gekennzeichnet, dass die erste Magnet- 
schicht (123) mit der zweiten Magnetschicht (125) 
antiferromagnetisch gekoppelt ist. 

8. Eine Magnetspeichervorrichtung, umfassend: *5 

eine Magnetspeicherzellenanordnung mit ei- 
ner Vielzahl von unterteilten Speicherzellenan- 
ordnungen, wobei jede der unterteilten Spei- 
cherzellenanordnungen eine Vielzahl von Ma- 20 
gnetspeicherzellen (201) umfasst, eine erste 
und zweite subsidiare Datenleitung (DL./DL), 
die parallel zueinander angeordnet sind, eine 
Vielzahl von Wortleitungen (WL1 bis WL4), die 
die erste und/oder zweite subsidiare Datenlei- 25 
tung kreuzen, und parallel zu der ersten und 
zweiten subsidiaren Datenleitung eine entspre- 
chende einer Vielzahl von Bitleitungen (BL), 

wobei eine jede Magnetspeicherzelle einen er- so 
sten und zweiten Tunnelubergangsabschnitt 
(11, 21) und ein Zellenauswahlhalbleiterele- 
ment (31, 32 ...) umfasst, wobei ein jeder des 
ersten und zweiten Tunnel ubergangsab- 
schnitts einen Stapel aus einer Pinschicht (121, 35 
127) und einer Aufeeichnungsschicht (123, 
125), in der Magnetisierungsrichtungsanderun- 
gen von einem externen Magnetisierungsfeld 
abhangen, umfasst, wobei der erste Tunnel- 
ubergangsabschnitt (11) ein in Stapelrichtung *o 
gegenuberiiegendes erstes Ende und zweites 
Ende aufweist, derzweite Tunnelubergangsab- 
schnitt (21) ein in der Stapelrichtung gegen- 
uberiiegendes drittes Ende und viertes Ende 
aufweist, wobei das erste Ende des ersten Tun- 45 
nelubergangsabschnitts (11) mit der ersten 
subsidiaren Datenleitung (DL) verbunden ist, 
das dritte Ende des zweiten Tunnelubergangs- 
abschnitts (21) mit der zweiten subsidiaren Da- 
tenleitung (/DL) verbunden ist, das zweite Ende so 
des ersten Tunnelubergangsabschnltts (11) 
und das vierte Ende des zweiten Tunneltiber- 
gangsabschnitts (21) miteinander und einer 
subsidiaren Bitleitung verbunden ist, wobei das 
Zellenauswahlhalbleiterelement (31, ...) die 55 
subsidiare Bitleitung mit einer der Bitleitungen 
verbindet. 



Un dispositif de memoire magnetique comprenant : 

un element a jonction tunnel comprenant : 

un empilement d'une premiere couche blo- 
quee (121) a Pinterieur de laquelle la direc- 
tion de magnetisation est bloquee, une 
premiere barriere tunnel (122) superposee 
sur la premiere couche bloquee, une pre- 
miere couche magnetique (123) qui est su- 
perposee sur la premiere couche tunnel 
(122) et dont la direction de magnetisation 
change sous la dependance d'un champ 
magnetique externe, une seconde couche 
magnetique (125) dont la direction de ma- 
gnetisation change sous la dependance du 
champ magnetique externe, et une couche 
conductrice non magnetique (124)*interpo- 
see entre les premiere et seconde couches 
magnetiques, dans laquelle des directions 
des moments magnetiques des premiere 
et seconde couches magnetiques sont 
pratiquementanti-paralleles Tune a I'autre; 
une seconde barriere tunnel (126) super- 
posee sur la seconde couche magnetique 
(125); et 

une seconde couche bloquee (127) super- 
posee sur la seconde barriere tunnel (1 26); 
un element semiconducteur (114) connec- 
ts electriquement a Tune au moins de la 
premiere couche magnetique (123), de la 
couche conductrice non magnetique (124) 
et de la seconde couche magnetique 
(125); et 

un moyen de detection (117) pour detecter 
une difference de courant entre un premier 
courant tunnel circulant a travers la pre- 
miere couche magnetique (123) et la pre- 
miere couche bloquee (121), et un second 
courant tunnel circulant a travers la secon- 
de couche magnetique (125) et la seconde 
couche bloquee (127), ou une difference 
de tension de charge dans une configura- 
tion differentielle. 

2. Un dispositif de memoire magnetique selon la re- 
vendication 1, caracterise en ce qu'il comprend : 

un conducteur de bit connecte electriquement 
a Tune au moins de la premiere couche magne- 
tique (123), de la couche conductrice non ma- 
gnetique (124) et de la seconde couche ma- 
gnetique (125) par Tintermediaire de I'element 
semiconducteur (114); 

un premier conducteur de donnees (113) con- 
nects electriquement a la premiere couche bio- 



23 



45 



EP1 109170 B1 



46 



quee(121);et 

un second conducteur de donnees (112) con- 
nects electriquement a la seconde couche blo- 
qu<§e (127). 

5 

3. Le dispositif de memoire magnetique selon la re- 
vendication 1 ou 2, caracterise en ce que I'element 
semiconducteur comprend un transistor (114) ou 
une diode. . 

10 

4. Le dispositif de memoire magnetique selon la re- 
vendication 1, 2 ou 3, caracterise en ce que le 
moyen de detection comprend un amplificateur de 
lecture (117) et un transistor (133) a travers lequel 
I'amplificateur de lecture est connecte au conduc- *5 
teur de donnees (113). 

5. Le dispositif de memoire magnetique selon Tune 
quelconque des revendications 1 a 4, caracterise 

en ce que les premiere et seconde couches ma- 20 
gnetiques (123, 125) ont des epaisseurs mutuelle- 
ment differentes. 

6. Le dispositif de memoire magnetique selon Tune 
•quelconque des revendications 1 a 5, caracterise 25 
en ce que les premiere et seconde couches ma- 
gnetiques (123, 125) sont constitutes de materiaux 
magnetiques ayant un rapport de magnetoresistan- 

ce eleve. 

30 

7. Le dispositif de memoire magnetique selon la re- 
vendication 6, caracterisd en ce que la premiere 
couche magnetique (123) est couplee de facon an- 
ti-ferromagnetique a la seconde couche magneti- 
que (125). 35 

8. Un dispositif de memoire magnetique comprenant : 



tion tunnel comprend un empilement d'une couche 
bloquee (121, 127) et d'une couche d'enregistre- 
ment (123, 125) dans laquelle une direction de ma- 
gnetisation change sous la dependence d'un 
champ magnetique externe, la premiere section de 
jonction tunnel (11) a une premiere extremite et une 
seconde extremite mutuellement opposees dans la 
direction d'empilement, la seconde section de jonc- 
tion tunnel (21) a une troisieme extremite et une 
quatrieme extremite mutuellement opposees dans 
la direction d'empilement, la premiere extremite de 
la premiere section de jonction tunnel (11) est con- 
nected au premier conducteur de donnees auxiliai- 
re (DL), la troisieme extremite de la seconde section 
de jonction tunnel (21) est connectee au second 
conducteur de donnees auxiliaire (/DL), la seconde 
extremite de la premiere section de jonction tunnel 
(1 1) et la quatrieme extremite de la seconde section 
de jonction tunnel (21) sont connectees Tune a 
I'autre et a un conducteur de bit auxiliaire, I'element 
semiconducteur de selection de cellule (31 , ...) con- 
nectant le conducteur de bit auxiliaire a Pun des con- 
ducteurs de bit. 



un reseau de cellules de memoire magnetique 
comprenant une multiplicite de reseaux de eel- <o 
lules de memoire divis£s, chacun des reseaux 
de cellules de memoire divises comprenant 
une multiplicite de cellules de memoire magne- 
tique (201 ), des premier et second conducteurs 
de donnees auxiliaires (DL, /DL) disposes pa- 45 
rallelement Tun a. I'autre, une multiplicite de 
conducteurs de mot (WL1 a WL4) s'etendant 
transversalement aux premier et/ou second 
conducteurs de donnees auxiliaires, et I'un cor- 
respondent d'une multiplicite de conducteurs 50 
de bit (BL) parallele aux premier et second con- 
ducteurs de donnees auxiliaires, 

dans lequel chacune des cellules de memoire 
magnetique comprend des premiere et seconde 55 
sections de jonction tunnel (11, 21) et un element 
semiconducteur de selection de cellule (31, 32, ...), 
chacune des premiere et seconde sections de jonc- 
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